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STELLINGEN 
1. Overl eg van te voren over de wi jze van i nzenden van mensel i jk weef­
sel voor di agnosti e k ,  met name i n  probl eemgeval l en ,  voorkomt n i et 
al l een tel eurstel l i ng b ij  de k l i ni cus of de pathol oog-anatoom d i e  
een bepaal de techni ek  hadden wi l l en toepassen , maar  komt ook de 
pati ent ten goede. 
2. Onder de di agnose z i ekte van Hodgk i n  gaan versch i l l ende zi ekte­
beel den schu i l  met al s gemeenschappel ijk hi stol ogi sch kenmerk de 
aanwezi ghei d  van Sternberg-Reed cel l en. 
3. Sternberg-Reed cel l en kunnen van geheel verschi l l ende ori g i ne z i jn ,  
maar hebben a l s  gemeenschappel i jk kenmerk dat ze voorkomen bij de 
z i ekte van Hodgk i n. 
4 .  Er i s  geen bewijs voor een i nfecti eus  karakter van de z i ekte van 
Hodgk i n. 
5. I n  de d i scuss ie  over het al dan n i et wensel i jk z i jn van een stage­
ri ngs laparotomi e bij pati enten met de z i ekte van Hodgki n  di ent ook 
het ri s i co van het ontstaan van l eukaemi een bij met radi otherapi e 
en cytostatica behande l de pati enten i n  de overwegi ngen betrokken 
te warden. 
6. Het l i jkt z i nvol een patient met een kl ei ncel l i g l ongcarci noom 
opni euw te bi opteren i nd i en de tumor therapi e-resi stent bl i jkt te 
z i jn , tenei nde bijmenging van een ander tumortype u i t  te s l u i ten .  
7 .  Het bestaan van k l ei ncel l i ge l ongcarci nomen met daari n bi jvoorbeel d 
p lavei sel cel  parti jen kan gei nterpreteerd worden al s een argument 
tegen het ontstaan van het k l e i ncel l i ge carci noom u i t  cel l en af­
komstig  van de neura l e  l i jst . 
8. Er z i jn geen aanwijzingen dat het a l s routine meten en wegen van 
de pl acenta z i nvol i s .  
9 .  Het enthous iasme waarmee sonmi ge sti chti ngen voor cytol ogisch 
onderzoek k l antenwervi ng bedri j ven doet vermoeden dat er meer aan 
de stri j kstok bl i j ft hangen dan cel l en al l een. 
10. Al s het al zo i s  dat "joggi ng" en trimmen de kans op een hart­
i nfarct verkl ei nen , dan gel dt d i t  waarschi jnl i j k  a l l een voor de 
tijd  dat deze vormen van i nspann i ng n i et warden verri cht. 
11. Wanneer wordt overgegaan tot het benoemen van al l e  l ectoren tot 
professor di ent de mogel i j khe id  te warden overwogen de ti tel 
professorandus al s overgangsmaatregel in te voeren • 
• 12. De pathol ogie i s  een l evend vak. 
Stel l i ngen bi j :  Immunohi stol ogy of Hodgki n's di sease. 
s. Poppema , 5 september 1979 . 
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CHAPTER I .  
GENERAL INTRODUCTION AND REVIEVJ Of THE LITERATURE . 
1 . 1 .  Introducti on 
The di sease known as Hodgki n ' s  di sease was described as early as 
1832 by Thomas Hodgk i n  in h i s  paper enti tled : "On some morb i d  appe·a­
rances of the absorbent gl ands and sp leen " , and e ven though a con s i ­
de rabl e  amount o f  work has been done s i n ce , there are sti l l  no 
sati s factory answers to s ome fundamental q uesti ons regardi ng its 
nature . Some of these questions concern : 
- the ori g in  of Ste rnberg-Reed cel l s. 
- the rol e  of vari ous other cel l s ,  such as l ymphocytes .  
- the pos s i bi l i ty that Hodgk i n ' s  di sease i s  a syndrome , composed of 
di ffe rent enti ties wi th di fferent neopl asti c cel l s .  
Thi s  thes i s  is based on a series of arti cl es that h ave been or wi l l  
be pub l i shed and deal  wi th s ome of these questi ons .  In thi s  chapter 
l i terature of rel evance to each of these p robl ems i s  revi ewed i n  an 
attempt to put the arti cles  i n  thei r proper perspecti ve .  Chapter II 
deal s  wi th the nature of Sternbe rg-Reed cel l s .  Chapter III cons i sts 
of a case report , des cri b i ng the finding of l ymphocytes in the cyto­
pl asm of Sternberg-Reed ce l l s .  In chapte r  IV the resu l ts of an immuno­
h i stol ogi cal study on the n ature of the l ymphocytes in affected 
l ymph nodes are presente d .  In the chapters V ,  VI and VII the cyto­
hi stol ogi cal , epi demi ol ogi cal , ul trastructural and immunohi stol ogi cal  
characteri sti cs of a s peci al  s ubtype of the l ymphocyte predomi n ance 
type of Hodgk i n ' s  di sease , cal l ed nodu l ar paragranul oma , are des­
cri bed , and i ts rel ati on w ith so cal l ed progress i ve l y  transformed 
germi nal centres in reacti ve l ymph nodes i s  estab l i shed. In the gene­
ral  di scus s i on , chapte r  VIII , an attempt is  made to i nte rrel ate the 
data of the previ ous chapte rs and to expl ore some l i nes of i nvesti ga­
ti on for the future . Speci al attenti on i s  gi ven to the poss i bi l i ty 
that Hodgk i n ' s  di sease i s  a d is orde r of anti gen presenting reti cul um 
cel l s  and to the s i gn i fi cance of i nteracti ons between Sternbe rg- Reed 
cel l s  and T l ymphocytes. 
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1.2 . The origin of the Sternberg-Reed cel l s  
At the present time most pathol ogists agree that the finding of 
Sternberg-Reed giant cel l s  is the sine qua non in the histopathol ogi­
cal diagnosis of Hodgkin ' s  disease . For this reason they have to be 
defined precisel y  in order to separate them from other mil tinucle-
ated cel l s  s uch as Langhans , Touton and foreign body giant cel l s  and 
from megakaryocytes .  In a recent textbook they are described as  
"mu l tinucl eated , binucl eated or bil obed , the nucl ear membrane is  thick , 
and the cytopl asm is abundant , s l ightly eosinophil ic or amphophil ic .  
The nucleoli in each nucl eus are l arge , round o r  oval , eosinophil ic ,  
and surrounded by a clear perinuclear hal o"  (Mial e ,  1971 ) .  Cel l s  with 
such characteristics were first described by Sternberg in 1898 and 
l ater by Dorothy Reed in 1902 . Simil ar cel l s  have al so been found in 
infectious mononucleosis ( Lukes et al . ,  1969 ) , in other l ymphomas and 
even in non-l ymphoid tumours { Strum , 1970 ) .  As a consequence , Stern­
berg-Reed cel l s  shoul d on ly be considered as pathognomonic for 
Hodgkin ' s  disease when they are present in the proper setting .  
In addition to  the above mentioned , so cal l ed typical Sternberg­
Reed cel l s ,  at l east two Sternberg-Reed cel l variants can be discerned .  
Unl ike typical Sternberg-Reed cel l s  that are found in al l subtypes of 
Hodgkin ' s  disease , these variants are confined to certain subtypes . 
So cal l ed l acunar type Sternberg-Reed cel l s  are pathognomonic for 
the nodu l a r  sc lerosis subtype ( Lukes et al . ,  1966 ) .  The l acunar cel l s  
have hyperl obul ated nucl ei with smal l to medium sized nucl eoli  and an 
abundant wate r cl ear to s l ightly eosinophil ic cytopl asm , which re­
tracts after routinel y  rerformed forma lin fixation , giving the impres­
sion that the cel l is situated in a l acuna ( Lukes et al . ,  1966 ) .  
Fixation in Bouin d ' Hol l ande or Zenker ' s  fixative prevents to a l arge 
degree this shrinkage artifact. 
It shoul d be real ized that most of the studies on the origin of 
Ste rnbe rg-Reed cel l s  deal with typical or l acunar type Sternbe rg-Reed 
cel l s .  For instance , a l l  s uccessful cel l  culture studies have been 
done with spl eens either invol ved by mixed cel l ul arity or by nodu l ar 
sc lerosis type of Hodgkin's disease (Kapl an , pe rsonal communication ; 
Long , pe rsonal communication ) .  
The other Sternbe rg-Reed cel l variant was a l so described by Lukes 
et al . ( 1966 ) and was cal l ed the L & H type Sternberg-Reed cel l ,  
because it can be found in rel atively l arge numbers in the lymphocytic 
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and histiocytic ( L  & H )  subtype of the cl assification of Lukes and 
Butl er ( 1966 ) .  The cytol ogical ,  enzyme cytochemical ,  u l trastructural 
and irrmunohistol ogical characteristics of these cel l s  are described 
in chapters V and V I I .  It is usual l y  assumed that the Sternberg­
Reed cel l s  and their mononucl ear variants are the neopl astic cel l s  of 
Hodgkin ' s  disease . Arguments in favour of this opinion are the mor­
phol ogical and cytogenetica l - abnormal ities of these cel l s .  Unfortuna­
tely ,  the chromosomal abnormal ities that have been reported are very 
diverse { Kapl an , 1972 ) .  
Al though Sternberg-Reed cel l s  were original l y  interpreted as neo­
pl astic histiocytes and reticul um cel l s  ( Rappaport , 196B ) , Dorfman 
( 196 1 )  found that they were devoid of·nonspecific esterase and acid 
phosphatase activity by enzyme his tochemical methods .  This absence of 
hydrolytic enzymes was taken as an argument against a histiocytic 
reticul um cel l character of Sternberg -Reed cel l s .  
The resul ts of ul trastructural studies of Hodgkin's disease have 
been contradictory . Dorfman et al . { 197 3 )  described simil arities 
between Sternberg-Reed cel l s  and in vitro transformed l ymphocytes and 
Anagnos tou et al . { 1 977 ) even suggested a devel opmental sequence from 
l ymphocyte to Sternberg-Reed cel l .  On the other hand , Carr { 1975 ) re­
ported simil arities between Sternberg-Reed cel l s  and macrophages and 
reticul um cel l s . Recentl y ,  Curran and Jones ( 1977 ) observed staining 
of Sternberg-Reed cel l s  and their variants with Mars hal l ' s metal l o­
phil method , which stains normal dendritic reticul um cel l s  in B cel l 
area s .  
The study o f  immunol ogical markers h a s  been serious l y  hampered by 
the mixed character of the cel l  popu l ation and the l ow viabil ity of 
Sternberg-Reed cel l s  in suspension ( Leech , 1 97 3 ) .  Despite these 
probl ems , reports are avail abl e  indicating that Sternberg-Reed cel l s  
in suspension do not exhibi t T-cel l surface markers l ike E rosette 
receptors or antigens reacting with anti-T-cel l antisera ( Jaffe et al . ,  
197 4 ;  Kay , 1975 ; Stuart et al . ,  197 7 ;  Hayhoe et al . ,  1978) . These 
findings strongly argue against the hypothesis of Biniamov and Ramot 
( 1974 )  that Sternberg-Reed cel l s  are neopl astic T-cel l s. Kadin and 
Bil l ings  { 1978) found that viabl e Sternberg-Reed cel l s  have I a-l ike 
surface determinants associated with B-lymphocytes and macrophages ,  
but not with T-l ymphocytes . Leech { 1978) detected surface and intra­
cytopl asmic immunogl obul ins in Sternberg-Reed cel l s  by means of an 
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"immunofl uorescence technique.  The presence of surface immunogl obul in 
does not necessarily indicate the B-lymphocyte origin of a cel l .  
Surface immunogl obul in may al so represent nonspecifica l ly bound 
immunogl obul ins , particul arly when Fe receptors are present. The pre­
sence of Fe receptors on Sternberg-Reed cel l s  has occasional ly been 
observed ( Jaffe et al . ,  1974 ; Payne et al . ,  1976 ) .  
To circumvent the probl em of the l ow percentage of viabl e Stern­
berg-Reed cel l s  in suspension , several investigators have attempted 
to identify and examine these cel l s  in frozen or paraffin embedded 
tissue sections .  The presence of immunogl obul in in the cytopl asm of 
Sternberg-Reed cel l s  has been interpreted as evidence that these cel l s  
are rel ated to B-lymphocytes .  Al though monocl onal cytopl asmic immuno­
g l obul in , demonstrated by immunoperoxidase techniques on paraffin 
sections , has been reported (Garvin et al . ,  1974 ; Papadimitriou et al . ,  
1978) , in most cases a polycl onal pattern of staining has been ob­
served (Tayl or , 1974 ; Anagnostou et al . ,  197 7 ;  Landaas et al . ,  1977 ; 
Curran and Jones , 1978 ) . Using serial sections it was noted that some 
Sternberg-Reed eel ls contain 1 ig ht chains of both kappa and 1 ambda 
type (Tayl or , 1976 ; Poppema et al . ,  1977 ; Landaas et al . ,  1977 ; 
Papadimitriou et al . ,  1978).  In chapter I I  the resul ts are described 
of an immunohistol ogical study at the l ight microscopical and the 
ul trastructural l evel . It wil l be reported that kappa and l ambda 
l ight chains and some serum proteins can be found al l together in the 
same Sternberg-Reed cel l and that the ul trastructura l l ocal ization of 
these proteins is not rel ated to protein synthesizing organel l e s .  
Kadin e t  al . ( 1978 ) observed phagocytosis o f  aggregated immunoglobul in 
in fresh suspensions of Hodgkin's disease tissue and they suggested 
that in vivo binding and ingestion of circul ating immune compl exes in 
the serum coul d resul t in the presence of IgG on the surface and in 
the cytopl asm of neopl astic cel l s . El evated l evel s of circul ating 
immune compl exes have been demonstrated in the serum of 50 percent of 
untreated patients with Hodgkin ' s  disease ( Brown et al . ,  1978) . The 
significance of circul ating immune compl exes in patients with Hodgkin ' s  
disease is uncl ear . In  10  to 20 percent of the patients with Hodgkin ' s  
disease granul ar deposits of IgG and C3 have been demonstrated in the 
g l omeru l ar capil l aries in renal biopsies taken during staging l aparo­
tomy , but none of these patients had cl inical evidence of gl omeru l o­
nephritis ( Sutherl and et al . ,  1974 ) .  
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Another l i ne of research to detect the ori g i n  of Sternberg-Reed 
cel l s ,  i s  the attempt to establ i sh neopl asti c cel l l i nes of Hodgki n ' s  
d i sease by cul ture technique s .  The advantages of this approach are 
obv i ous . The i nvesti gator can study l arge numbers of vi abl e cel l s  and 
i s  no l onger dependent on the presence of fresh ly  suspended ti ssue . 
The probl ems are al so very promi nent. Several of the publ i shed reports 
on cel l l i nes deri ved from pati ents wi th Hodgk i n ' s  di sease are cer­
tai n l y  ( Fri end et al . ,  1978 ) or probabl y ( Boecker et al . ,  1975 ) 
lymphobl astoi d cel l s ,  i nfected wi th Epstein-Barr vi rus and thus not 
rel i ably rel ated to Sternberg-Reed cel l s ,  a l though such cel l s  have 
s i mi l ar morphol ogi cal  characteri sti cs . 
Recentl y ,  ti ssue cul ture studi es i n  three di fferent l aboratori es 
( Kapl an and Gartner , 197 7 ;  Long et al . ,  1977 ; Roberts et al . ,  1978) 
gave resul ts i ndi cati ng that cul tured neopl asti c cel l s  of Hodgki n ' s  
d i sease are rel ated to , and possi bly deri ved from , the macrophage. 
Only Long et a l . ( 1977 )  have succeeded i n  establ i sh i ng permanent cell 
l i nes , whi ch have been carri ed i n  vi tro for l onger than 3 years and 
whi ch have been passaged more than 300 t imes . These cel l s  are negati ve 
i n  the immunofl uorescence test  for Epstein-Barr Nucl ear Antigen ( EBNA ) .  
The evi dence for the neopl asti c nature of the cultured cel l s  con s i s ts 
of the i r  continuous growth i n  vi tro , the chromosomal abnormal i ti es , and 
the devel opment of i nvas i ve tumors when transpl anted i n to nude mi ce 
( Kapl an and Gartner , 197 7 ;  Zamecni k and Long , 1977 ) .  However , these 
fi ndi ngs do not excl ude the possi bi l i ty that the cel l s  coul d have been 
transformed in v i tro , because sati sfactory control ti ssue cul tures 
from normal human spl eens are l acki n g .  The ul trastructure of the 
cul tured cel l s  has been reported to be s i mi l ar to macrophages (Gang 
et al . ,  1979 ) .  They contai ned a variety of macrophage rel ated enzymes , 
such as aci d phosphatase , nonspecifi c esterase and l ysozyme . The cel l 
l i nes of Long et al . ( 1977 ) and Roberts et al . ( 1978 )  were devoi d of 
Fe and compl ement receptors whi l e  Kapl an and Gartner ( 1977 ) found Fe 
and C3b receptors on thei r cul tured cel l s .  Phagocyti c acti vi ty ,  
a l though after extremely l ong i ncubati ons , has been found by al l three 
di fferent groups . 
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I . 3 . The rol e of other cel l types i n  Hodgki n ' s  di sease 
It has been recogn i zed for a l ong time that a h i gh percentage of 
l ymphocytes i n  Hodgki n ' s  di sease ti ssue i s  a favourabl e  prognosti c 
s i gn ( Rosentha l , 1936 ; Lennert and Hi ppchen , 1954 ; Lukes and Butl er , 
1966 ) .  I n  the Rye cl ass i fi cati on ( 1 966 ) these fi ndi ngs were even re­
flected i n  the names of the subtypes: l ymphocyte predomi nance , mi xed 
cel l u l ari ty and l ymphocyte depl eti on , al though the real cri teri um for 
cl as s i fi cation was the rel ati ve proportion of Sternberg-Reed cel ls . 
Recentl y ,  Mann et al . ( 1979 ) suggested that the nodu lar  scl erosi s  
subtype s houl d al so be di vi ded i n to l ymphocyte predomi nance , mi xed 
cel l u l ari ty and l ymphocyte depl etion subcl asses , and i n  a study based 
on 96 pati ents wi th nodul ar  scl erosi ng type of Hodgk i n ' s  di sease , the 
prognosti c s i gn i fi cance of such a subcl ass i fi cati on coul d be demon­
strated . The reasons for the favourabl e  prognosti c s i gn i fi cance of a 
high  percentage of l ymphocytes are not known , but i t  i s  pos s i bl e  that 
much can be expl ai ned by the fact that high  n umbers of l ymphocytes 
are usua l l y  associ ated wi th l ow numbers of Sternberg-Reed cel l s .  I t  
has been suggested ( Lukes , 1966 ) that the l ymphocytes represent a host 
reacti on agai nst the tumou r cel l s . Arch i ba l d  and Frenster ( 1973)  re­
ported ul tras tru ctural fi ndi ngs , i ndi cati ng that an i n  v i vo i nterac­
tion between lymphocytes and Sternberg-Reed cel l s  l eads to damage 
of the Sternberg -Reed cel l .  Lymphocyte cl usteri ng around Sternberg­
Reed cel l s  has been reported i n  fresh suspens ions of Hodgki n ' s  
di sease ( Brayl an et al . ,  1974 ; Kad i n  et al . ,  1974 ) and i n  short time 
cul tures ( Payne et al . ,  197 7 ;  Pretl ow et al . ,  197 3 ;  Stuart et al . ,  
1977 ) .  It has been shown by means of E rosetting that the adher i ng 
cel l s  are T l ymphocytes ( Brayl an et al . ,  1974 ; Stuart et al . ,  197 7 ;  
personal observati on ) .  There are a t  l east two pos s i bl e  mechani sms 
for the adherence of T cel l s  to Sternberg-Reed cel l s .  It cou l d be a 
speci fi c immune response of cytotoxi c T l ymphocytes agai nst the 
Sternberg-Reed cel l s .  Th i s  was reported by Kay ( 1976 ) who observed 
that the l ymphocytes ki l l ed the neopl asti c cel l s  i n  vi tro . Payne et 
al . ( 1977 )  and Stuart et a l . ( 197 7 )  d i d  not fi nd evi dence of lympho­
cyte cytotox i ci ty towards the Sternberg-Reed cel l s  i n  short time 
cul tures and they proposed that the i nteracti on represented cl uste­
ring of two di fferent abnormal cel l s .  
Al though i t  i s  attracti ve to extrapol ate the i n  vi tro fi nd i ng of 
T lymphocyte cl us tering around Sternberg-Reed cel l s  to the i n  vi vo 
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si tuat ion , no actual proof on thi s  subject was avai l able . To the con­
trary, Curran and Jones ( 1978) concl uded on the bas i s  of i 111Tiunoh i s­
tol ogi cal  methods that Sternberg-Reed cel l s  were atypi cal dendri ti c 
reticul um cel l s ,  surrounded by B lymphocytes . I n  chapter IV i t  wi l l  
be demonstrated that Sternberg-Reed cel l s  are usua l l y  l ocal i zed i n  
areas wi th a predominance of T l ymphocytes .  Even i n  l ymphocyte pre­
domi nance where the majori ty of the l ymphocytes are B cel l s ,  the 
Sternberg-Reed cel l s  are surrounded by a smal l group of T l ymphocytes .  
From thi s  i t  can be concl uded that T l ymphocytes a l so i n  v i vo cl uster 
around Sternberg-Reed cel l s .  The rel ati on of thi s phenomenon to the 
fi ndi ng of l ymphocytes i n  the cytopl asm of Sternberg-Reed cel l s ,  as 
wi l l  be descri bed i n  chapter I l l ,  i s  uncl ear .  
Eos i nophi l i c l eukocytes can  be  found in  vari abl e numbers predomi ­
nantl y i n  the mi xed cel l ul ari ty subtype , but al so i n  nodul ar  sc leros i s .  
Several in v i tro effecti ve eosi nophi l  chemotacti c  factors have been 
described ( Cohen , 1974 ) . It i s  pos s i bl e  that some cel l  from the mi xed 
popul ation i n  Hodgki n ' s  di sease produces such a factor i n  v i vo .  It i s  
known that i mmune compl exes i n  combi nati on wi th compl ement fragments 
can l ead to the attracti on of eos i nophi l s  and pol ymorphonucl ear  l euko­
cytes ( Kay , 1970 ) .  l111Tiune compl exes have been found i n  the serum of 
about 50% of the pati ents wi th Hodg ki n ' s  disease (Brown et al . ,  197 8 ) . 
I t  has al so been reported that an eos i nophi l  chemotacti c precursor 
s ubstance can be produced by ant i gen-sti mu l ated l ymphocytes ( Cohen and 
Ward , 197 1 ) .  
Pl asma cel l s  are a l so predomi nantl y found i n  mi xed cel l ul ari ty and 
nodul ar scl eros i s  l es i ons . Longmi re et al . ( 1973 ) demonstrated enhanced 
synthes i s  of i mmunogl obul i n  G by cul tured l ymphocytes from uni nvol ved 
spl eni c ti ssue of pati ents wi th Hodg ki n ' s  di sease.  More recently 
Longmi re et al . ( 1978 )  found that the IgG produced in v i tro by these 
spl een cel l s  can bi nd to the surface of normal T-l ymphocytes and 
i n i ti a te anti body dependent cel l  medi ated cytotox i ci ty .  Wagener et al . 
( 1976 ) found i ncreased IgG and lgA val ues i n  the serum of both mal e  
and femal e pati ents and a l so i ncreased IgM i n  femal e pati ents wi th 
Hodgk i n ' s  d i sease . Corte et al . ( 1977 )  demons trated unusual l y  h igh  
serum IgD  l evel s i n  a proportion of  pati ents wi th Hodgk i n ' s  d i sease . 
Fi nal l y ,  Thomas et al . ( 1976 ) found h igher  l evel s of IgE  i n  pati ents 
with Hodg k i n ' s  di sease than i n  control s .  Several groups found el evated 
l evel s of i mmune compl exes i n  serum samples  of pati ents wi th Hodgk i n ' s  
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di sease ( B rown et al . ,  1978 ; Aml ot et al . ,  1978 ; Hei er et al . ,  1977 ) .  
It i s  not known , whether these immune compl exes are composed of 
tumour anti gens and anti bodies  di rected agai nst these tumour anti gens 
and a l so not whether the pl asma cel l s  that are found i n  Hodg k i n ' s  
d i sease l es i ons produce antibod i es agai nst anti gens rel ated to the 
tumou r .  
The presence of h i sti ocytes and epi thel oi d cel l s  has been noted 
i n  l ymphocyte predomi nance cases , whi ch were for thi s  reason cal l ed 
l ymphocyti c  and h i sti ocytic type i n  the ori gi nal descri pti ons by 
Lukes and Butl er ( 1 966 ) .  The presence of the hi sti ocytes does not 
i nfl uence the favourabl e  prognos i s  of these types of Hodgki n ' s  di sease . 
The other subtype of Hodgki n ' s  di sease wi th l arge numbers of epi thel oi d 
cel l s  was descri bed by Lennert and Mestdach ( 1968 ) as " Lymphogranul oma­
tos i s  wi th a constant h igh  Epi thel oi d Cel l  Content " .  In recent l i te­
rature thi s enti ty has usua l l y  been referred to as " Lennert ' s  Lymphoma " 
(Burke and Butl er , 1976 ; Robb-Smi th , 1976 ) .  Al though the di fferenti a l  
di agnos i s  wi th non-Hodgk i n  l ymphomas wi th a h igh  epi thel oi d cel l 
content and wi th some cases of i mmunobl asti c l ymphadenopathy ( Lukes 
and Tind l e ,  1975 ) certain ly  i s  not easy , i t  has now been cl eared up 
that at l east some of the cases are a subtype of Hodgki n ' s  d i sease 
( Lennert , personal communication ) .  
The rol e of fi brobl asts i s  comparabl e wi th that of hi stiocytes : i n  
nodul ar scl eros i s  they are as soci ated with a favourabl e  prognosi s ,  
but i n  the d iffuse fi bros i s  subtype of l ymphocyte depl etion ( Lukes 
and Butl e r ,  1966 ) , they are the predomi nant cel l type and are associ a­
ted with a poor proqnos i s .  
I . 4 .  Subc l assifi cation of Hodgki n ' s  di sease 
The first attempt to cl ass ify Hodgki n ' s  di sease and to rel ate thi s  
cl ass ifi cation to prognos i s  was made by Rosenthal ( 1936 ) . H e  di vi ded 
the cases "depending on the predomi nance , the subordi nance and the 
absence of l ymphocytes and l ymph nodul es".  He suggested that the parti a l  
retention o f  l ymphocytes was evi dence o f  a defence agai nst the di sease 
whereas thei r di sappearance expressed the fai l ure of thi s defence. 
The fi rst general l y  accepted and appl i ed cl ass ifi cati on was publ i shed 
in 1944 by Jackson and Parker . They di v ided the di sease into three 
groups : 
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1 .  Hodg ki n ' s  paragranu l oma 
2 .  Hodgk i n ' s  granul oma 
3 .  Hodg k i n ' s  sarcoma 
I n  paragranuZoma the normal l ymph node structure has been obl i terated 
by an abundance of l ymphocytes amongst  whi c h  Sternberg-Reed cel l s  are 
present as s i ng l e  cel l s  or i n  smal l grou ps .  Nei ther necrosi s  nor 
fi bros i s  are present and pl asma cel l s  and eos i noph i l s are absent or 
i nconspi cuou s .  
I n  granuZoma numerous Sternberg-Reed cel l s  are present together wi th 
l ymphocytes , pl asma cel l s ,  eosi nophi l s  and hi sti ocytes. The normal 
arch i tecture of the node i s  parti al l y  or compl ete l y  obl i terated and 
necrosi s  and fi bros i s  may be present .  
I n  sarcoma there i s  a predumi nance of  neopl asti c reti cul um cel l s  with 
onl y  sma l l  numbers of l ymphocytes ,  eosi nophi l s  and pl asma cel l s  and 
wi th few of the abnormal reti cul um cel l s  bei ng recogni zabl e as 
Sternberg-Reed cel l s .  Correl ati on of these s ubtypes wi th surv i v al 
showed a good prognosi s  for pati ents i n  the paragranul oma grou p ,  and 
an extremely  poor prognos i s  for those i n  the sarcoma group ( Jackson 
and Parker , 1947 ) .  The Jackson and Parker cl assi fi cati on , a l though of 
confi rmed prognosti c val ue , was of restri cted v al ue i n  the cl i ni cal  
management of i nd i v i dual patients because of the l arge number wh i ch 
fel l i nto the granul oma group wi th a very vari abl e  prognosi s .  
I n  1956 Smetana and Cohen compared a number of cases of granul oma 
characteri zed by marked scl eros i s  around pseudofol l i cl es wi th cases 
of granul oma wi thout such scl eros i s .  They found a stati sti cal l y  
s ign ifi cant di fference i n  the mortal i ty rate between both groups i n  
favour of cases wi th scl eros i s .  I n  the same year a nodul ar  v ar i an t  
o f  paragranul oma was descri bed as a resul t of the study o f  nodul ar 
l ymphomas ( Rappaport et al . ,  1956 ) .  
The cl ass i fi cati on of Lukes and Butl er ( 1966 ) d i v i ded Hodgki n ' s  
di sease i nto s i x  subg rou ps , combi n i ng Jackson and Parker ' s  cl assi fi ­
cation wi th the fi nd i ngs of Smetana and Cohen ( 1956 ) and Rappaport 
( 1956 ) . 
1 .  Lymphohi sti ocyti c ,  nodul ar 
2 .  Lymphohi sti ocyti c ,  di ffuse 
3 .  Nodu l ar scl eros i s  
4 .  Mi xed cel l ul ari ty 
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5 .  Di ffuse fi brosi s 
6 .  Reti cul ar 
In  lymphohistioaytia, nodular cases the most  promi nent features are 
a predomi nance of smal l l ymphocytes and a nodul ar growth pattern . I n  
addi tion , benign appearing hi sti ocytes and so  cal l ed L & H type 
Sternberg-Reed cel l s  are present i n  the nodul es . Cl assi cal Sternberg­
Reed cel l s  can be found , but mostly i n  l ow numbers .  In lymphohistio­
aytia, diffuse cases the cel l ul ar prol i ferati on i s  essenti al l y  the 
same as i n  the nodul ar type . Some cases have a h igh  content of h i s ­
ti ocytes . Only the cases wi th a predomi nance of l ymphocytes woul d be 
cal l ed paragranul oma i n  Jackson and Parker ' s  cl ass i fi cati on . Nodular 
salerosis was ori g i na l ly  characteri zed by the presence of orderl y 
� 
bands of i nterconnecti ng col l agenou s connecti ve ti ssue parti al l y  or 
enti rel y d i v i di ng the abnorma l  l ymphoi d ti ssue i nto i sol ated cel l ul ar 
nodu l es ( Lukes and Butl e r ,  1966 ) .  In some cases the formati on of 
col l agen bands i s  l i mi ted to a sma l l portion of the specimen.  A second 
characteri stic  that has been emphasi zed more i n  recent years i s  the 
presence of the so cal l ed l acunar type Sternberg-Reed cel l s .  However , 
Lukes and Butl er stressed that for a di agnosi s  of Hodgki n ' s  di sease 
the presence of at l east one typi cal Sternberg-Reed cel l i s  necessary. 
In contrast to Lukes who persi sts on the presence of at l east one 
col l agen band as a cri teri um for the di agnos i s  of nodul ar scl eros i s  
( Lukes , 1971 ) ,  a number of other i nvesti gators accept the ex i stence 
of a so cal l ed cel l ul ar or prescl eroti c phase of nodul ar scl erosi s 
wi thout col l agen bands ( Kadi n et al . ,  197 1 ;  Dorfman , 1 97 1 ,  Strum and 
Rappaport , 197 1 ) .  It has been demonstrated that both the cel l ul ar and 
the typi cal scl eroti c h i s tology can exi st at di fferent s i tes in the 
same patient ( Kad i n  et al . ,  197 1 )  and al so that a progress i on of the 
cel l u l ar phase to typi cal scl erosi s can be found i n  sequenti al  
b iopsies  of the same patient ( Strum and Rappaport ,  1 97 1 ) .  Lukes ( 1966 ) 
suggested a s i mi l ar scheme for the evol ution of nodul ar scl erosi s 
as for the other types of Hodgki n ' s  di sease: i . e. a transi tion from 
l ymphocyti c through mi xed to reti cul ar or scl eroti c ( l ymphocyte depl e­
ted ) .  Mann et al . ( 1979) subcl ass i fi ed 96 pati ents with nodul ar scl e­
rosi s  i n  NS lymphocyti c  predomi nance , NS mi xed cel l u l ari ty and NS 
l ymphocyti c depl eti on and confi rmed the prognosti c s i gni fi cance of 
such a subcl assi fi cati on as was predi cted by Coppl eson et a l . ( 1973 ) .  
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Mixed cellularity cases consi s t  i n  part of l ymph nodes wi th the so 
cal l ed cl assi cal pi cture of Hodgki n ' s  di sease : a heterogeneous mi xture 
of l ymphocytes , numerou s c l assical  Sternberg-Reed cel l s ,  eosi nophi l s ,  
pl asma cel l s ,  neutrophi l s  and hi sti ocytes wi th or wi thout fi bros i s  and 
necrosi s .  However , it a l so serves as a l abel for those l es i ons that 
l ack typi cal features of the remai ni ng types . For exampl e ,  cases wi th 
focal or parti al i nvol vement without features of nodu l ar scl eros i s  are 
al so i nc l uded i n  mi xed cel l ul ari ty { Lu kes , 1971). Diffuse fibrosis i s  
a frequent fi ndi ng i n  the end s tage of Hodgki n ' s  di sease , a l though i t  
can al so be found i n  primary bi ops i es . The l ymph nodes are fi broti c 
and the l ymphocytes are depl eted , but pl asma cel l s  and atypi cal 
reti cu l um cel l s  wi th some cl assical  Sternberg-Reed cel l s  can be found . 
The fi bros i s i s  usua l l y  compact , hypocel l u l ar and fi bri l l ar bu t i n  
other cases i t  i s  promi nentl y fi brobl asti c ( Lukes , 1971). Reticular 
type i s  composed of cases wi th a predomi nance of cl assical  Sternberg­
Reed cel l s  and cases wi th bi zarre and pl eomorphi c  Sternberg-Reed cel l s . 
Thi s second type i s  comparabl e to the Hodgk i n  sa rcoma of Jackson and 
Parke r .  The reti cul ar  type i s  a l so most  frequentl y found i n  autopsy 
case s .  Cases wi th h i gh numbers of l acunar cel l s  and some scl eros i s  
shoul d be cl assi fied a s  nodul ar scl erosi s { Lukes , 1971). 
I n  1966 at the Rye Symposi um on "Obstac les  to the Control of 
Hodgki n ' s  Di sease " the h i stol ogi cal  grad i ng of Hodgki n ' s  d i sease was 
di scussed . I t  was there suggested that for general use i t  woul d be 
better to reduce the s i x  subcl asses of Lukes and Butl er  to four , com­
bi ni ng Lymphohi sti ocyti c nodul ar and Lymphohi sti ocyti c di ffuse to 
Lymphocyte predomi nance , and Di ffu se Fi bros i s  and Reti cul ar  type to 
Lymphocyte depl eti on.  Thi s so cal l ed Rye cl ass ifi cati on i s  now· 
generally accepted . 
Lymphocyte predomi nance 
I I  Nodul ar scl eros i s  
I I I  Mi xed cel l ul ari ty 
IV Lymphocyte depl etion 
Apart from the above menti oned subtypes another group of cases 
was descri bed in 1968 by Lennert and Mestdach as  "Lymphogranul omatosi s 
with a constant high  epi thel oi d cel l content " .  I n  recent l i terature 
such cases usual l y  have been referred to as "Lennert ' s l ymphoma " 
{ Burke and Butl er , 1976; Robb-Smi th , 1976). Some of these cases 
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(Lennert , personal cormnuni cati on ) s houl d be considered as a subtype 
of Hodgki n ' s  di sease.  The pi cture i s  domi nated by the presence of a 
di ffu se prol i ferati on of l arge epi thel oid cel ls , together wi th 
usual l y  low numbers of typi cal Sternberg-Reed cel l s  ( Noel et al . ,  
1978). The prognos i s  of these cases i s  extremely unfavourabl e ,  the 
pati ents studi ed sofar al l d ied wi thi n  one year , whi ch i s  comparabl e 
wi th the survi val of di ffuse fi brosi s .  
In  Germany , Lennert uses a more di fferenti ated cl assifi cati on of 
Hodgki n's di sease ( Lennert and Mohri , 1974). 
I Lymphocyte predomi nance 
a) nodular paragranul oma 
b )  di ffuse paragranul oma 
c )  others 
d )  parti al i nvol vement 
I I  Nodular scleros i s  
I I I  Mi xed cel l ulari ty 
IV Lymphocyte depl eti on 
a )  reti cul ar 
b )  di ffu se fi bros i s  
c )  Hodgki n sarcoma 
V Xanthomatous 
VI With hi�h epi t hel oid cel l content . 
The most i mportant di fference i s  the separati on of noduiar and diffuse 
paragranuZoma from other iyrrrphoayte predominance aases. These other 
l ymphocytic  predomi nance cases do not show the so call ed L & H type 
Sternberg-Reed cel l s ,  but they have typi cal Sternberg-Reed cel l s  or 
occasi onal l y  some lacunar cel l s  and show more eosi nophi ls and more 
pronounced fi bros i s  than paragranul oma ( Lennert and Mohri , 1974). It  
mi ght be expected that these other lymphocyte predomi nance cases wou l d  
have a tendency to change the i r  subtype to mi xed cell ulari ty o r  nodul ar 
scl eros i s .  
Regarding the question whether Hodgki n's di sease i s  an enti ty o r  a 
syndrome compri si ng of di fferent enti ti es wi th di sti nct eti ol ogies , 
mai nly epi demi ologi cal arguments have been used . Mc Mahon (1966) 
suggested on the bas i s  of the bi modal age curve , showi ng one peak  i n  
the thi rd and another i n  the s i xth and seventh decade that Hodgk i n ' s  
di sease compri ses of at l east two enti ti es . In  chapter V I  the epi de­
miolog i cal characteri sti cs of nodular and di ffuse paragranuloma wil l 
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be descri bed , and the s i gn i f i cance of thei r separate peak i n  the 
fourth decade wi l l  be di scussed . The fi ndi ng of di fferent types of 
Sternberg-Reed cel l s  i s  another argument for the exi stence of di ffe­
rent ent i t i es .  The L & H type Sternberg-Reed cel l s  of nodul ar  para­
granul oma are atypical  B i mmunobl asts , as wi l l  be descri bed i n  chapters 
V and V I I .  No i mmunohi s tol ogi cal di fferences have been descri bed 
between typi cal and l acunar type Sternberg-Reed cel l s ,  and the resul ts 
of ti ssue cul ture studies i ndi cate that the neopl asti c cel l s  i n  
mi xed cel l ul ari ty and nodul ar scl erosi s  type of Hodgki n's di sease are 
rel ated to macrophages ( Long et al . ,  1977; Kapl an and Gartner ,  1977). 
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Chapter I I .  
THE S IGN I FICANCE OF I NTRACYTOPLASMIC  PROTE I NS I N  REED-STERNBERG CELLS . 
S .  Poppema , J . D . E lema ,  M. R .  Hal ie.  
Cancer 42: 1 793-1 803, 1978. 
Abstract 
Lymphoid tissue of 42 patients with Hodgkin ' s  disease was studied 
with immunohistological techniques on the l ight microscopic and ul tra­
structural l evel . The presence of I gG in some Reed-Sternberg ( R-S)  
cel l s  was confirmed , and in  addition serial sections and a doubl e 
s taining technique reveal ed that these cell s a l so  contained both kappa 
and l ambda light cha i ns . Furthermore two serum proteins ,  human serum 
al bumin and alpha- 1-antitrypsin , were demonstrated in the same posi­
tive R-S cell s .  The ul trastructural l ocalization of the i1T111unogl obu l in 
and of human serul'l albumin 1vas not rel ated to any protein synthesizing 
organel le or to s tructu res rel ated to endocytosis . It is suggested 
that the presence of i mmunoglobul in i n  R-S cel l s  is the resu l t  of a 
disturbance of the cel l wal l integrity with subse�uent  nonspecifi c 
diffusion of irnmunogl obulin and other serum proteins into the cel l .  
The presence of IgG therefore can not be taken as an argument for a 
B-cell origin of R-S cel l s .  Pos s i bl e  mechanisms for the cell wall da­
mage are discussed .  
Introduction 
Du ring the past few years several authors have demonstrated the 
presence of immunogl obul ins in Reed-Sternberg cel l s  and their v ariants 
( R-S cel ls ) .  The methods used consisted of immunofl uorescence on cel l 
suspensions (Boecker et al . ,  1975, Leech , 1973 ) or i1T111unoperoxidase 
techniques appl ied on sections of formal dehyde fixed , paraffin embed­
ded tis sue of patients with Hodgkin ' s  disease (Anagnostou et a l . ,  
1977; Garv i n  et al . ,  1974; Garvin et al . ,  1976; Tayl or , 1974; Tayl or , 
1976 ).  Generally IgG but not Igt1 or IgA was detected in a variabl e 
number of R-S cell s .  Some authors have reported both kappa and l ambda 
li ght chains to be present in the same cells (Anagnostou et al. , 1977; 
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Tayl or , 1976 ) .  
Al thoug h the demonstrati on of i rrmunogl obu l i ns i n  R-S cel l s  appears 
to favor a B-lymphocyti c  ori g i n  of these cel l s ,  the fi ndi ng of both 
kappa and l ambda l i ght cha i ns i s  contradi ctory to the preva i l i ng opi ­
ni on of monoc l onal i ty of l ymphoi d cel l  i rrmunog l obu l i n  producti on .  
Furthermore there are several reports i ndi cati ng a monocyti c  rather 
than a B-lymphocyti c  character of R-S cel l s  ( Kapl an , 1976 ; Kapl an and 
Gartne r ,  1977 ; Long et al . ,  1977 ) .  It i s  therefore cruci al to obtai n 
data that wou l d  ei ther support or refute the possi bi l i ty of producti on 
of i rrmunog l obul i n s  by R-S cel l s . 
I t  was reasoned that i f  the i rrmunog l obu l i ns were produced by R-S 
cel l s  one cou l d  expect the excl u s i ve presence of monocl onal garrma­
gl obul in and a rel ati on to cel l structures i nvol ved i n  protei n produc­
ti on.  If i rrmunog l obul i ns were taken up by a spec if ic  process ,  both 
kappa and l ambda l i ght chai ns shoul d be present and i n  thi s  case a re­
l ati on to cel l structures i nvol ved i n  endocytos i s shoul d be found . On 
the other hand , i f  thei r presence was the resul t of a di sturbance of 
cel l wal l  i ntegri ty or a nonspeci f ic  uptake , one wou l d  expect other 
serum prote i ns to be present as wel l .  Moreover , i n  case of d i s turbed 
cel l wal l i nteg ri ty ,  a rel ati on to certa i n  cel l structures shou l d  be 
absent. An attempt was ,  therefore , made to detect i mmunogl obul i ns and 
some other serum proteins  i n  R-S cel l s  on both the l i ght mi croscopi c 
and ul trastructural l evel . 
Materi a l s  and methods 
Lymph nodes from 42 consecuti ve patients wi th Hodg ki n ' s  d i sease 
were studied .  In some cases al so s pl een and l ymph nodes obtai ned from 
surg i cal stagi ng procedures were avai l abl e .  Al l materi al was freshly 
obtai ned from the department of s urgery , d ivi s i on of oncol ogy , and 
processed as descri bed underneath . The ages of the pati ents vari ed be­
tween 9 and 61 years . Al l h i stol ogi cal subcl asses accordi ng to Lu kes 
and Butl er ( Lukes et al . ,  1 966 ; Lukes and Butl er , 1966 ; Lukes , 197 1 )  
were represented i n  thi s series . 
Light mi croscopy 
Speci mens were fi xed i n  Bou i n  d ' Hol l ande , 8% formal dehyde or i n  
Zenker ' s  fi xative and embedded i n  paraffi n .  Secti ons were cut at a 
thi cknes s of 3 mi cron and stai ned wi th Hematoxyl i n  and Eos i n  ( H&E ) ,  
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Giems a ,  Methyl Green Pyroni n ,  Peri od i c  Aci d  Sch i ff ( PAS ) after di as­
tase treatment and reti cul i n  stai ns accordi ng to standard procedures . 
Materi al of 10 pati ents was a l so fi xed i n  Burkhardt ' s  fi xati ve ( Burk­
ha rdt , 1970 ) ,  embedded in g lycolmethacryl ate , secti oned at a th i c kness 
of 4 mi cron on a Sorval l ( JB-4 ) mi crotome and stai ned wi th H&E and 
Gi emsa for opti mal morphol ogy . 
lmmunohi sto l ogi cal procedu res 
In a l l cases seri al cut paraffi n secti ons were stai ned for kappa 
and l ambda l i ght chai ns and for gamma heavy cha i ns .  Twenty cases re­
presenti ng al l di fferent subtypes were a l s o  studi ed for the presence 
of al pha and mu heavy chai ns , human serum al bumi n ( HSA) and al pha-1-
anti tryps in  (a1AT ) .  A peroxidase-anti -peroxi dase ( PaP ) techni que as 
descri bed by Sternberger ( 1974 ) and as appl i ed by Tayl or on paraffi n 
secti ons ( 1974 ) was used to demonstrate these protei ns . The fi rst-step 
anti sera were obtai ned from Dakopatts , Copenhagen , Denmark ( anti -kappa , 
anti -l ambda ) ,  Nordi c ,  Ti l bu rg , The Netherl ands ( anti -kappa , anti ­
l ambda , anti -gamma , anti -al pha , anti -mu , anti -HSA , anti -a1AT ) and 
Behri ng , Marburg-Lahn , Germany ( anti -a1AT ) .  Al l these anti sera were 
produced i n  rabbi ts and tested by i mmunoel ectrophoresi s .  A goat anti ­
rabbit  IgG anti serum , produced i n  our own department was used as the 
second step . The ammoni umsul phate preci pi tated anti serum was puri fied 
over a DEAE-Sephadex col umn and tested by the Ouchterl ony techni que. 
The PaP compl ex was prepared accordi ng to Sternberger ( 1974 ) . The 
stai n i ng procedure was as fol l ows : 3 mi cron paraffi n secti ons were de­
waxed i n  xyl ol and brought to ethanol 70% . Endogenous peroxi dase acti ­
vi ty was exhausted by appl ying a 0 . 3% solution of hydrogen peroxi de i n  
methanol for 30 mi nutes ( Streefkerk , 1972 ) . After ri ns i ng bri efly i n  
phosphate buffered sal i ne ,  pH 7 . 4 ( PBS ) nonspecif ic  background stai ­
n i ng was reduced by i ncubati on i n  norma l nonimmune , nondi l uted goat 
serum for 10 mi nutes ( Sternberger , 1974 ) .  After another ri nse in PBS 
opti mal l y  di l uted rabbi t anti sera were appl i ed duri ng 60  mi nutes , 
fol l owed by goat anti -rabb i t  IgG anti serum for 30 mi nutes and the PaP 
complex for 30 mi nutes . Peroxi dase acti v i ty was then demonstrated by 
u s i ng 0 . 05% 3 , 3-di ami nobenzidi ne tetrahydrochlori de ( DAB , Si gma , 
St.  Loui s ,  Mo . )  and 0 . 01% hydrogen peroxide i n  Tri s sal i ne buffer ( pH 
7 . 6 )  duri ng exactl y 5 mi nutes ( Graham and Karnovsky ,  1966 ) . Between 
each step the secti ons were washed i n  PBS for 15 to 30 mi nutes . 
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Al l procedures took pl ace at room temperature . The perox i dase stai n i ng 
was stopped by was h i ng i n  tapwater and the secti ons were stai ned wi th 
hematoxyl i n ,  dehydrated and mounted . A doubl e stai n i ng procedure was 
empl oyed i n  an attempt to demonstrate the presence of both kappa and 
l ambda l i ght chai n s  i n  the same R-S cel l s .  Thi s  method was adapted 
from Nakane ' s  mod i fi cati on ( 1968 ) of the method of Nakane and Pi erce 
( 1 967 ) and can be summari zed as fol l ows . After the compl ete procedu re 
for one l i ght  chai n and stai n ing  wi th DAB as detai l ed above the sec­
ti ons were washed in g l yci ne-HCl buffer (pH 2 . 2 )  for 60 mi nutes to re­
move the appl i ed anti sera . The whol e procedure was then repeated for 
the other l i ght cha i n  but thi s t i me 4-chl oro-1 -naphthol (Al dri ch­
Europe , Beerse , Bel g i um )  was used as a substrate i nstead of DAB . The 
secti ons were stai ned for 10  to 30 mi nutes resul ti ng i n  a bl u i sh-grey 
reaction product ( Nakane , 1968 ) .  
Control studi es , consi sti ng  of omi tti ng the di fferent steps , repl a­
cing the speci fi c  anti sera of the fi rst step by noni mmune rabbi t serum 
or omi tting hyd rogen peroxi de , a l l resu l ted i n  absence of s tai n i ng , 
prov i ng the speci fici ty of the PaP method . Reacti ons wi th anti -kappa 
and anti -l ambda anti sera coul d be prevented by absorpti on of these 
anti sera wi th puri fi ed myel oma protei ns* . Omi ssi on of the d i fferent 
steps i n  the second run of the doubl e s tai n i ng procedure al ways pre­
vented the formation of the bl ui sh-grey reacti on product , i nd i cati ng 
the compl ete removal of the fi rst run anti sera by the glyci ne-HCl buf­
fer . The speci fi ci ty of the anti - i mmunog l obul i n  anti sera as used i n  
these experi ments and thei r optimal d i l uti on was tested on paraffi n 
embedded materi al from a series of 10 myel omas wi th known monocl onal 
serum i mmunogl obul i n s .  In  a l l cases the PaP techni que on ti ssue sec­
t i ons  was i n  agreement wi th the resul ts of the serum i mmunoel ectropho­
res i s . In the d i l uti ons used , no cross-reacti vi ty between the di ffe­
rent anti sera was observed . The anti -HSA anti serum and the anti -n1AT 
anti sera were tested on a seri es of l i ver biops i es of pati ents wi th 
al pha-1 -anti tryp s i n  defi ci ency ( Boersma et  al . ,  1974 ) and on normal 
human l i ver ti ssue and spec if ic  l ocal i zation was demonstrated . 
In al l cases snap frozen materi al  was avai l ab le  and i n  5 i nstances 
* The purified myeloma proteins were kindly provided by Dr . T. OCkhui­
zen , Department o f  Medicine , University Hospital , Groningen . 
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ti ssue was fi xed i n  8% formal dehyde at 4°C duri ng 6 hours , extens i ve.:­
l y  washed i n  PBS and frozen .  I n  these 5 cases immunofl uorescence stai ­
n i ng by an i nd i rect techni que , u s i ng fi rst step rabbi t anti sera and a 
Fl uoresce in  Isothi ocyanate ( F I TC )  l abel ed second step goat anti -rabbi t 
anti serum ( Nordi c ,  Ti l burg , The Netherl ands ) ( El ema and Arends , 1975 ) , 
and the PaP method as descri bed above , were appl i ed on both unfi xed 
and formal dehyde-fi xed 5 mi cron sect ions .  
El ectron mi croscopy 
In 5 cases port i ons of the l ymph nodes were mi nced i nto 1 mm3 cubes 
and fi xed i n  2% g l utaral dehyde for 24 hours , postfi xed i n  1% osmi um 
tetroxide for 1 hour and embedded in epoxy resi n .  After ori entati on on 
tol u i di ne bl ue s tai ned 1 mi cron secti ons , ul trathi n secti ons for el ec­
tron mi croscopi c exami nati on were contrasted wi th l ead-ci trate and 
uranyl -acetate and exami ned wi th a Ph i l i ps EM 300 mi croscope . 
lll'llluno-el ectron mi croscooy 
In three cases porti ons of the l ymph nodes of about 5x5x2 mm were 
fi xed i n  8% formal dehyde i n  PBS , pH 7 . 0  at 4°c for 6 hours . Thi s  fi xa­
ti ve was prepared as fol l ows . Formal dehyde sol uti on 35% ( Merck , Darm­
stadt , Germany ) was neutral i zed wi th cal ci um carbonate ( pH 6 . 3 ) and 
d i l uted wi th PBS stock sol ution (0 . 1 M) and aquabi dest to a fi nal con­
centrati on of 8% formal dehyde i n  PBS ( 0 . 01 ti) . After fi xati on the ma­
teri al was ri nsed i n  PBS duri ng 24 hou rs . Seri al 30 mi cron secti ons 
were cut on a v i bratome ( Nakane and P ierce , 1967 ) .  After a short 
further wash  in PBS the i mmunoperoxi dase procedure was performed by 
immers ing the 30 mi cron secti ons i n  0 . 5  cc of the chosen anti serum for 
2 hours . After another wash  for 1 hour i n  PBS they were i ncubated i n  
the goat anti -rabbi t IgG anti serum for 2 hours and then washed agai n 
for 1 hou r after whi ch the PaP was appl i ed for 2 hours . Al l the i ncu­
bations were performed at room temperature . After was h i ng for 2 hours , 
the secti ons were reacted wi th DAB and H2o2 i n  a watch-gl as s  under 
l i ght mi croscopi cal control needi ng about 3 mi nutes to obta i n  optimal 
resul ts . The secti ons were postfi xed wi th 1% osmi um tetroxi de duri ng 
30 minutes , tri ll'llled to a surface of 2x2 mm and fl at embedded i n  epoxy 
res i n .  After orti entation on 1 mi cron tol u i d i ne bl ue countersta i ned 
secti ons , areas wi th pos i tive stai ni ng R-S cel l s  were sel ected for 
30 
ul trath i n  secti ons . Stai ni ng wi th l ead-ci trate and uranyl -acetate was ­
omi tted. 
The anti sera and thei r di l utions were the same as those used i n  the 
l i ght mi croscopi c procedure .  
Res ul ts 
Light mi croscopy 
For h i stol ogi cal c l assi fi cati on of the Reed-Sternberg cel l s  the 
criteri a of Lukes et al . were used ( 1966A , 1 9668 , 197 1 ) .  The morpho­
l ogy of R-S cel l s  appeared to be vari abl e dependi ng on the type of 
fi xation .  Bou i n  d ' Hol l ande and Zenker ' s  fi xative apparentl y prevent to 
a l arge degree the shri n kage arti fact , whi ch i s  g i v i ng some of the 
R-S cel l s  in nodul ar scl eros i ng type thei r typical  l acunar appearance 
as seen after formal dehyde fixation ( Lukes , 1 97 1 ) .  The cl ass i fi cati on 
of the patients was as fol l ows : l ymphocyte predomi nance 1 ,  nodul ar 
scl erosi ng 3 0 ,  mi xed 7 ,  and l ymphocyte depl eti on 4 .  
Immunohi stol ogy 
Irrvnunog l obul i ns were found i n  typi cal R-S cel l s  as wel l as i n  thei r 
mul ti - and mononucl ear vari ants . Al though the onl y heavy chai n to be 
found was gamma , i t  coul d be concl uded from studyi ng l arge numbers of 
seri a l  secti ons al ternatel y stai ned for kappa and l ambda that al l pos i ­
tive sta i n i ng R-S cel l s  contai ned both kappa and l ambda l i ght cha i ns ,  
whereas cel l s  negati ve for one l i ght cha i n  were al so negati ve for the 
other (fi g .  la , b ) .  The i ntensi ty of stai n i ng of the cel l s  was vari a­
bl e from weak to rather strong but al ways l es s  than that of the pl asma 
cel l s .  The number of pos i t i ve stai ni ng R-S cel l s  was vari abl e from a 
few to al most al l cel l s  present . The number of pos i ti ve cel l s  was al ­
so vari ab le  i n  di fferent l ymph nodes from the same pati ent. I n  thi s  
series pos i ti ve sta i n i n g  cel l s  were detected i n  a l l  subtypes and no 
di fferences were observed between typi cal and l acunar R-S cel l s .  
Pl asma cel l s  and i mmunobl asts contai ned only one heavy and one l i ght 
cha i n  per cel l and al l di fferent combi nati ons of heavy and l i ght 
cha i ns were present ,  wi th a preponderance of pl asma cel l s  wi th gamma 
heavy and kappa l i ght chai ns . 







F i g .  1 . PaP met hod app l i ed on ser i a l  sect i ons  of a pa ra f f i n  embedded 
l ymph node w i t h nodu l a r- s c l e ros i ng type of Hodgk i n ' s  d i sease . F i g .  l a  
and l b  ( top) s how two adj o i n i ng sec t i ons sta i ned for kappa and l ambda . 
F i g .  l e  (m i dd l e  l ef t )  shows s t rong s ta i n i ng fo r a1 AT i n  R-S ce l l s .  
F i g .  l d  and l e  (m i dd l e  r i g h t ,  bot tom l ef t )  s how two adjo i n i ng sect i ons  
s ta i ned for  kappa and  a1 AT .  R-S  ce l l s  tha t ca n be  t raced i n  bot h  sec­
t i ons show i dent i ca l  benav i ou r  towa rds the s ta i n i ng p rocedure .  Nega­
t i ve as we l l  a s  pos i t i ve s ta i n i ng ce l l s a re present .  F i g .  l f  and l g  
( bot tom r i g h t )  s how two adj o i n i ng sect i ons s ta i ned for kappa and a1 AT .  
Numerou s  p l asma ce l l s conta i n i ng kappa l i g h t  cha i n s  are present but 
s ta i n i ng for a1 AT i s  comp l ete l y  nega t i ve ( Bou i n  d ' Ho l l ande f i xa t i on ,  
PaP method w i tn hema toxy l i n cou n ters ta i n i ng ,  reduced to x400 ) . 
the fi rst  reacti on , showed that about 60% of the pl asma cel l s  stai ned 
brown i nd i cati ng the presence of kappa and 40% bl ui sh-grey i nd i cati ng 
the presence of l ambda .  Under these condi tions no mi xed stai n i ng of 
brown and greyi sh bl ue i n  the R-S cel l s  coul d be achieved . Only brown 
sta i n i ng R-S cel l s  were found and therefore apparently no R-S cel l s  
were present contai ni ng onl y l ambda l i ght cha i n s .  When the order of 
sta i n i ng for both l i ght chains was reversed sti l l  u s ing DAB as the 
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fi rst substrate s i mi l ar resu l ts for the reacti ons of the R-S cel l s  
were obtai ned � thi s  t i me i nd i cati ng that no R-S cel l s  were present 
that onl y contai ned kappa l i ght cha i n s .  Control s ,  exi sti ng of pre­
washi ng secti ons i n  aci d buffer before appl yi ng the i mmunosta i n i ng ,  
excl uded the poss i b i l i ty that the i mmunog l obul i ns i n  R-S cel l s  were i n­
activated d ur i ng thi s  procedu re . 
Sta i n i ng for HSA and a1AT reveal ed a pos i ti ve reacti on for these 
serum prote ins  i n  R-S cel l s  (fi g .  le ) .  From the stud i es of seri al  sec­
ti ons i t  was apparent that these were the same cel l s  as those contai ­
n i ng the i mmunogl obu l i ns (fi g .  ld , le ) . Pl asma cel l s  and i mmunobl asts 
did not contai n al bumi n or a1AT (fi g .  l f ,  lg ) .  
Appl i cati on of i mmunofl uorescence or PaP techn iques on frozen sec­
ti ons d i d  not reveal any stai ni ng of R-S cel l s ,  al though pl asma cel l s  
were readi l y demonstrabl e .  However , when the same techni ques were 
appl i ed on formal dehyde fi xed and su bsequentl y frozen ti ssue these se­
rum prote i ns cou l d  be demonstrated i n  R-S cel l s ,  al though the i mmuno­
f luorescence was rather fai nt i n  compari son with the pl asma cel l s .  
El ectron mi croscopy 
The resul ts of the ul trastructural  studi es were i n  agreement wi th 
earl ier  reports ( Azar , 1975 ; Dorfmann et al . ,  1973 ; Gl i ck et al . 1976 ; 
Parml ey et al . ,  1976 ) .  General ly  the R-S cel l s  had the appearance of 
rather poorl y d i fferenti ated cel l s . The nucl eus was l arge , i ndented , 
mul t i l obated or hypersegmented . The chromati n was margi nated or cl um­
ped . Often two or three l arge nucl eol i coul d be seen . The cytopl asm 
demonstrated a vari abl e number of organel l es ,  i ncl ud i ng mi tochondri a ,  
free ri bosomes and polyr i bosomes . Other cel l s  however contai ned only 
few organel l es and the cel l -sap vol ume seemed to be augmented . Gol g i  
apparatus and rough endopl asmi c reticul um were not promi nent. I n  some 
cel l s  a few dense bod i es and l a rge fat dropl ets were present. Some­
times so cal l ed mul ti l ami nar endopl asmi c reti cul um ( Parml ey et al . ,  
1976 ) and fi bri l l ary struc tures ( Dorfman et al . ,  1973 ; Gl i ck et al . ,  
1976 ) were observed . 
Immuno-el ectron mi croscopy 
The resul ts of the i mmuno-el ectron mi croscopy were essenti al l y  the 
same as those of the i mmunohi stol ogy . Vary i ng numbers of R-S cel l s  
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F i g .  2 .  One m i c ron sect i on of p l as t i c  embedded t i s sue of a l ymph node 
w i t h  nodu l a r  s c l e ros i ng type of Hodgk i n ' s  d i sease reacted for kappa 
and show i ng a R-S ce l l conta i n i ng kappa l i ght  c ha i ns .  Th i s  ce l l  i s  
a l so rep resented i n  f i g .  5 ( I mmune-e l ec t ron m i c roscop i c  p rocedure , 
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F i g .  3 .  Same mate r i a l  a s  s hown i n  f i g .  2 reacted for HSA show i ng a 
pos i t i ve s ta i n i ng Hodg k i n  ce l l  a l so p i ctured i n  f i g .  6 ( I mmune-e l ec ­
t ron m i c roscop i ca l  p roced u re ,  to l u i d i ne b l ue ,  reduced t o  x 1 1 20 ) . 
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F i g .  4 .  Reed-Ste rnberg ce l l  s how i ng the presence of ga1TDUa heavy 
cha i ns .  The b l ack  appea r i ng reac t ion p roduct  can be seen d i s persed 
i n  the cytop l asm , ce l l o rgane l l es rema i n i ng nega t i ve ( l mmuno-e l ec t ron 
m i c roscop i ca l  procedu re ,  x680 0 ) . 
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F i g . 5 .  Deta i l  of a Reed-Sternberg ce l l a l so shown i n  f i g .  2 s ta i ned 
fo r kappa demons t ra t i ng the f i b r i l l a r  character of the react i on 
product i n  some p l aces . 
The re i s  no s ta i n i ng of the s u r round i ng l ymphocytes i n  c l ose contact 
w i th  the R-S ce l l  ( I mmune-e l ec t ron m i c roscop i ca l  p rocedure ,  x9400 ) . 
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Fi·g . 6 . Mononuc l ea r  Hodgk i n  ce l l a l so s hown i n  f i g .  3 s ta i ned for 
HSA . The re i s  d i ffuse s ta i n i ng of the cytop l asm compa rab l e  to that 
found for kappa ( l mmuno-e l ec t ron m i c roscop i ca l  p roducedu re , x6800 ) . 
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F i g .  7 .  De ta i l  of a R-S ce l l s ta i ned for HSA . Note the f i b r i l l a r  
cha racter  of the react i on p roduct i n  some a reas and the absence o f  
s ta i n i ng of RER a n d  nuc l ea r  envel ope . Endop l asm i c  ret i cu l um s hows 
mu l t i  l am i na r  con f i gurat i on ( l mmuno-e l ec t ron m i c roscop i ca l  procedure ,  
x 1 7 , 500 ) . 
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stai ned posi ti ve for gamma heavy chai ns , kappa and l ambda l i ght chai ns 
and for human serum al bumi n { fi g .  2 ,  3 ) . The stai n i ng i n tens i ty was 
agai n vari abl e from weak to rather strong . The l ocal i zati on of the 
bl ack appeari ng reacti on product di d not seem to be associ ated wi th 
spec i al structures i n  the cytopl asm of the cel l { fi g .  4 ,  5 ,  6 ,  7 ) . 
Gol gi -apparatu s , peri nucl ear space and endopl asmi c reti cul um d i d  never 
contai n these protei ns . Furthermore no reaction product was seen i n  
ves i cl es or i n  associ ati on wi th the cel l membrane . Owi ng to the partl y 
granu l ar  character of the reacti on product and the di ffuse stai n i ng 
of the cytopl asm i t  coul d not be defi ni te ly  excl uded that free ri boso­
mes and pol yri bosomes were sta i ned . A stri k i ng feature was the pos i ti ve 
stai n i ng of some fibri l l ary structures { fi g .  5 ,  7 ) .  There were no di f­
ferences between the i ntracel l ul ar l ocal i zati on of the i rnmunogl obul i ns 
and of human serum a l bumi n .  
Di scuss i on 
The resembl ance of R-S cel l s  and thei r vari ants to transformed 
l ymphocytes ( Dorfman et al . ,  1973 ; Lukes et al . ,  1969 )  and the demon­
strati on of i ntracytopl asmi c irnmunogl obu l i ns (Anagnostou et al . ,  197 7 ;  
Boecker e t  al . ,  1975 ; Garv i n  e t  al . ,  1974 ; Garvi n e t  al . ,  1976 ; Leech , 
1973 ; Tayl or , 1974 ; Tayl or , 1976 ) has been the reason for several i n­
vesti gators to as sume a B-cel l ori gi n  for these cel l s .  Others have fa­
vored a monocyti c characte r  on the bas i s  of cel l -cul ture studi es of 
Hodgki n ' s  di sease ti s sue ( Kapl an , 1 976 ; Kapl an  and Gartner , 1977 ; Long 
et al . ,  197 7 ) . In that case the presence of IgG  k appa and l ambda might 
be expl ai ned by assumi ng bi nd i ng to su rface Fe receptors wi th subse­
quent endocytos i s  ( Kapl an and Gartner , 197 7 ;  Payne et al . ,  197 7 ) . There 
have been some reports i nd i cati ng the presence of Fe and compl ement re­
ceptors on the membranes of R-S cel l s  ( Kapl an and Gartner , 197 7 ;  She­
vach et al . ,  1973 ; Stuart et al . ,  1 97 7 ) .  Another expl anati on for the 
presence of i rnmunogl obul i ns i n  R-S cel l s  coul d be thei r penetrati on 
i nto the cel l by a nonspecific  process  of d i ffusi on as the resu l t  of 
cel l membrane damage . The reported l ow v i abi l i ty of R-S cel l s  i n  sus­
pensi ons of Hodgki n ' s  d i sease ti ssue ( Leech , 197 3 )  coul d be an i nd i ­
cati on i n  thi s  d i recti on .  The pri nci pal goal of our study was to fi nd 
out the s i gn i fi cance of the presence of immunogl obul i n  i n  R-S cel l s  
by usi ng imnunohi stol ogi cal techni ques on paraffi n secti ons , frozen 
secti ons and u l trathi n  secti ons . It was reasoned that if the 
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immunogl obul i ns were actual l y  produced i n  the R-S cel l s  thei r presence 
shoul d be excl us ive and rel ated to protei n-synthes i zi ng cel l organel ­
l es .  Excl u s i ve presence of immunogl obul i n  woul d al so be concei vabl e 
by sel ecti ve uptake , but i n  thi s case one shoul d be abl e to demonstra­
te a rel ati onsh i p  wi th cel l organel l es i nvol ved in endocytos i s .  On the 
other hand nonspeci fic  d iffu s i on of IgG mol ecul es i nto the cel l wou l d 
make i t  l i kely that other serum protei ns undergoi ng the same process  
were also  demonstrabl e .  Moreover in  that case no speci fic  i ntracel l u­
l ar l ocal i z ation was to be expected . 
We have confi rmed the observati on of others that I gG but not IgA or 
IgM are demonstrabl e in R-S cel l s .  Al though it was noted by some au­
thors that a number of R-S cel l s  d i d  contai n both kappa and l ambda 
l i ght chai ns ( Anagnostou et al . ,  1977 ; Tayl o r ,  1976 ) , we were abl e to 
demonstrate that i n  fact al l pos i ti ve R-S cel l s  stai ned for both kappa 
and l ambda .  We have substanti ated thi s  beyond reasonabl e doubt i n  two 
ways . The fi rst l i ne of evi dence came from the study of seri al  secti ons 
stai ned for kappa and l ambda . Cel l s  stai ni ng pos i ti ve for one chai n i n  
the first secti on , when identi fi abl e ,  al ways stai ned posi tive for the 
other l i ght cha i n  in the second secti on.  
The second method we used was a doubl e stai ni ng techni que on the 
same secti on for kappa and l ambda l i ght chai ns .  We coul d not observe 
an actual change of col or of R-S ce l l s  after the second run , notwi th­
stand i ng the fact that a second popu l ati on of pl asma cel l s  appeared , 
i nd i cati ng that the stai n i ng procedure was rel i abl e .  The l ack  of mi xed 
stai n i ng i s  very l i kely due to the presence and properti es of the brown 
reacti on product of the DAB sta i n i ng whi ch cou l d  prevent the b ind i ng 
of the second run anti sera i n  some way . Howeve r ,  the fai l ure of the 
second run to stai n pa rt of the remai n i ng R-S cel l s  and the s i mi l ar 
resul ts when the order of stai n i ng for kappa and l ambda was reversed , 
can onl y be expl ai ned by the presence of both l i ght chai ns i n  a l l po­
s i ti ve sta i n i ng R-S cel l s .  On the bas i s  of these resul ts i t  i s  our 
opi n i on that R-S cel l s  may contai n immunogl obul i ns and that , when they 
do , both IgG kappa and IgG l ambda are al ways present , but not immuno­
gl obu l i ns  of the other cl asses i nvesti gated in our study . Furthermore 
i t  i s  apparent from our resu l ts that R-S ce l l s  contai n at l east two 
other serum protei ns as wel l .  Human serum al bumi n and a l pha-1-anti ­
tryps i n  were studied because thei r serum concentrati on and thei r mo­
l ecul ar s i ze were such that if the presence of immu nogl obul i ns was 
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based on nonspecifi c membrane l eaki ng these mol ecu les  coul d a l so ex­
pected to be present. It coul d be demonstrated by the use of seri al  
sect i ons  that these serum protei ns were present in  the same R-S cel l s  
that al so contai ned IgG . Crossreacti ons between these anti sera coul d 
be excl uded because pl asma cel l s  d i d  not stai n wi th anti -HSA or  anti ­
a1AT anti sera . 
From our i mmuno-el ectron mi croscopi c study i t  i s  cl ear that nei ther 
i mmunog l obul i n  nor human serum al bumi n was rel ated to any speci fi c 
cel l organel l e  that coul d be recogni zed as s uc h :  nucl ear envel ope , 
rough endop l asmi c reti cul um , Gol g i  apparatus or pi nocytoti c vesi c l es . 
Because of the character of the reacti on prod uct and the di ffuse 
stai n i ng of the cytop l asm i t  can not be excl uded that part of these 
protei ns were l ocated at ri bosomes . However ,  both al bumi n and i mmuno­
g l obu l  in exh i b i ted i dentical l ocal i zati on and character  of the reac­
tion produc t .  As a l bumi n i s  not synthes i zed outs i de the l i ver we may 
assume that thi s  type of cytopl asmi c stai ni ng does not represent syn­
thesi s of prote i n .  Prel imi nary stud i e s  of l arge bl asti c cel l s  as pre­
sent i n  normal fol l i c l e  centres and known to conta i n  abundant ( pol y )  
ri bosomes s how a d i fferent pattern cl early recogni zabl e as r i bosomal 
stai ning* . Thus the resu l ts of our l i ght mi croscopi c and u l trastruc­
tural studi es i nd i cate that the presence of I gG i n  R-S cel l s  i s  not 
excl usi ve and that protei ns present i n  these cel l s  have no speci al 
rel ati onsh ip  wi th any cel l organel l e .  I n  our v i ew these fi ndi ngs  i n­
di cate a nonspeci f ic  i ncreased permeabi l i ty of the cel l  membrane . A 
recent report descri bed the presence of i mmunog l obul i ns i n  freshly  
prepared suspens i ons of  Hodg ki n ' s  d i sease ti ssue , but  not  in  cel l s  
that had been i n  cul ture for more than 24 hours ( Payne et a l . ,  1977 ) .  
In  our judJement , thi s  coul d mean that the posi tive cel l s  had l os t  
thei r immunog l obu l i n  by rediffusi on i nto the cul ture medi um o r  other­
wi se that al l pos i t i ve cel l s  had d i ed i n  the meantime , as a consequ­
ence of the i r  preced i ng membrane damage . Such redi ffus i on cou l d a l so 
be the expl anation for ou r fai l ure to demonstrate any of these pro­
tei ns in R-S cel l s  in unfi xed frozen secti ons whereas formal dehyde 
fi xed and subsequently frozen materi al gave pos i ti ve resu l ts . 
A confus i ng observati on i s  the complete l ack of the other 
* Unpubl ished observation s .  
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inmunog l obul i n  cl asses i n  R-S cel l s .  The l ower serum concentrati on of 
IgA and the l arger mol ecul ar s i ze of IgM might be of s i gn i fi cance . 
Further stud i es are i n  progress i n  an attempt to fi nd out whether 
other l arge si ze non-immunogl obu l i n  serum prote i ns are al so absent 
from R-S cel l s .  
Our resu l ts do not sol ve the probl em of the ori g i n  of the R-S cel l , 
but i n  our opi nion i t  i s  qui te cl ear that the immunogl obul i n s  found 
i n  R-S cel l s  do not prove thei r B-cel l character . 
It can only be specul ated what the cause of the presumed di stur­
bance of the cel l  wal l  i ntegri ty may be . Fi rstl y ,  i t  is possi bl e  that 
R-S cel l s  are i ndeed dyi ng end stage cel l s  as has been suggested i n  
the past.  The occurrence of mi toses ( Kapl an and Gartne r ,  1977 ; Peck­
ham and Cooper , 197 3 )  in some R-S cel l s  is not in contradi cti on wi th 
the i dea that other R-S cel l s  are i n  the i r  end stage . However ,we have 
al so observed these serum prote i ns i n  cel l s  undergoi ng  mi tos i s .  An­
other more attracti ve theory is a s peci fi c immune reaction mounted 
agai nst the Reed-Sternberg ce l l s wi th consequent i ncrease i n  cel l -wa l l  
permeabi l i ty but not necessari l y  i rrmedi ate cel l  death . An i nd i cati on 
in th i s  d i recti on is the rosette formi ng of T- lymphocytes observed 
around R-S cel l s  in suspensi ons ( Brayl an et al . ,  1974 ; Kadi n et al . ,  
197 4 )  and short time cul tures ( Payne et al . ,  1977 ; Pretl ow et al . ,  
1973 ; Stuart et al . ,  197 7 ) .  Thi s rosetti ng  coul d be a consequence of 
a speci fi c i mmune reacti on , di rectly or vi a inmune compl exes ( Long 
et a l . ,  1977 ) .  It i s  wel l  establ i shed that a subset of T-cel l s  i n  
Hodg ki n ' s  di sease has receptors for ferri ti n (Moroz e t  al . ,  1977 ) and 
other serum factors (Fuks  et al . ,  1977 ) and on the other hand that 
R-S cel l s  can exh i b i t  Fe receptors ( Kapl an and Gartner , 197 7 ;  Shevach 
et al . ,  1973 ; Stuart et al . ,  1977 ) .  Immune compl exes of IgG and 
ferri ti n ,  the so cal l ed Hodgk i n  ti ssue anti gen ( Eshar et al . ,  1 974 ) 
coul d i n  thi s  way represent the bi nd i ng el ement between R-S cel l s  
and T-cel l s .  Al ternative l y ,  rosetti ng cou l d  al so resul t from an  in­
tens ifi cati on of  i nteracti ons norma l l y  present between T-cel l s  and 
the normal counterparts of R-S cel l s .  Such i nteracti ons have been 
descri bed between T-cel l s  and monocytes and enhancement of the roset­
ti ng of T-cel l s  around monocytes can be i nduced by membrane al tera­
tions by enzymati c treatment of the monocytes (Ti m Fan et al . ,  197 7 ) . 
In concl usi on i t  i s  our opi n i on that the presence of inmunogl obu-
1 ins in R-S cel l s  is the resul t of a nonspecific  uptake due to a 
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di sturbance of the cel l  wal l i ntegri ty .  From our study there i s  no 
i nd i cati on for the character of the R-S cel l and there i s  certain ly  
no reason to s uggest a B-cel l ori g i n .  The res ul ts of  ti s sue cul ture 
experiments favori ng a monocyt i c  ori g i n  of the tumor cel l s  i n  Hodgki n ' s  
di sease and denying the synthes i s  of immunog l obu l i ns i n  these cel l s  
i n  cul ture are not i n  contradicti on wi th the presence of immunogl obu­
l i ns  in R-S cel l s  in v i v o .  
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Chapter I I I .  
STERNBERG-REED CELLS WITH INTRACYTOPLASMI C  LYMPHOCYTES . PHAGOCYTOS IS  
OR EMPERI POLES IS? 
S .  Poppema . 
Virchowa Archiv A. Path. Anat. a:nd Hiatol. 380 : 355-359, 1978. 
Abstract 
Phagocytos i s  by Sternberg-Reed cel l s  i s  a rare phenomenon . A case 
of nodu l ar scl eros i s  type of Hodgk i n ' s  d i sease wi th l arge numbers of 
apparently vi tal l ymphocytes i n  the cytopl asm of the Sternberg-Reed 
cel l s  i s  descri bed i n  thi s paper .  The questi on whether thi s  feature 
i s  the resul t of phagocytosi s or emperi pol esi s  i s  d i scussed . 
Introducti on 
Phagocytos i s  by Sternberg-Reed cel l s  whi ch  i s  evi dent on l i ght mi ­
croscopy has been reported to be a very rare phenomenon ( Jackson and 
Parke r ,  1947 ) .  In el ectron mi croscopi c studi es , phagocytos i s  of lym­
phocytes was observed by Bernhard and Lep l u s  { 1964 ) . Fresh suspensi ons 
of l ymph nodes from Hodgki n ' s  d i sease do not reveal phagocytosi s  of 
Ind i a  i nk or irrmunog l obul i n-coated s heep erythrocytes ; nor i s  phago­
cytosi s  of lymphocytes found , a l though these cel l s  usual l y  s how strong 
adherence to Sternberg-Reed cel l s .  I n  ti ssue cul ture studi es of spl e­
nic cel l s  from Hodgki n ' s  di sease , Long et al . { 1977 ) reported the ab­
sence of phagocytosi s  in hi sti ocyti c cel l l i nes , whereas Kapl an and 
Gartner ( 1977 ) found marked phagocytosi s of Indi a i nk and i rrmunog l o­
bu l i n-coated sheep erythrocytes . 
Another mechani sm that may be responsi bl e for the presence of l ym­
phocytes i n  the cytopl asm of other cel l s  was descri bed by Humbl e et 
a l . ( 1956 ) as "emperi pol es i s " .  Emperi pol es i s  i s  defi ned as the mi gra­
ti on of l ymphocytes over the surface and i nto the cytopl asm of other 
cel l s .  Such mi grati on of l ymphocytes has been found i n  tumor cel l s  
( Humbl e et al . ,  1956 ) and macrophages ( Berman , 1966 ) .  An important 
feature of emperi pol esi s i s  the absence of apparent damage to ei ther 
ce 1 1 . 
Thi s  i s  a report on a case of Hodg k i n ' s  d i sease wi th l arge numbers 
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of lymphocytes i n  the cytopl asm of a number of Sternberg-Reed cel l s .  
Case report 
A 61-yea r-o l d  man was admi tted because of lymphadenopathy i n  seve­
ral reg i ons .  Apart from al cohol as soci ated pai n ,  no general symptoms 
were found at the time of bi opsy. An enl arged l eft supracl avi cul ar 
l ymph node , whose l argest di ameter was 2 cm , was removed for h i stol o­
gi cal di agnos i s .  
Materi al s and methods 
The l ymph node was routi nel y fi xed i n  formal i n  and embedded i n  
paraff i n .  Secti ons were stai ned with Gi ems a ,  hematoxyl i n  and eos i n ,  
peri odi c aci d Sch i ff ( PAS ) , and Gomori reti cul i n  stai n .  
Spec i al secti ons were stai ned wi th the peroxi dase-anti peroxi dase 
techn ique as descri bed by Sternberger ( 1974) and used for the demon­
strati on of iT1J11unogl obul i ns i n  ti ssue secti ons by Tayl or ( 1 974 ) .  The 
secti ons were i ncubated wi th rabbit  anti sera agai nst kappa , l ambda , 
gamma , al pha , and mu chai ns and l ysozyme , fol l owed by i ncubati on wi th 
a sheep anti -rabbi t anti serum and w ith a rabbi t  peroxidase-anti pero­
xi dase compl ex . The peroxi dase was subsequentl y stai ned wi th di ami no­
benzidi ne and H2o2 as descri bed by Karnovsky ( 1966 ) .  Further detai l s  
of the procedure are gi ven by Papad i mi tri ou et al . { 1978 ) . 
Resu l ts 
Light mi croscopy 
The normal archi tecture of the node was effaced and repl aced by a 
nodu l ar prol i ferati on of predomi nantl y sma l l  l ymphocytes .  I n  and be­
tween the nodules  were typi cal and so cal l ed l acunar Sternberg-Reed 
cel l s  ( fi g .  1 ) .  The capsul e was expanded , and a few scl eros i ng bands 
coul d  be found . Many segmented l eukocytes and some eos i nophi l l euko­
cytes were seen i n  the i nternodul ar area . Because of the presence of 
l acunar cel l s  and a few scl eros i ng band s ,  the node was d i agnosed as 
Hodg k in ' s  d i sease of the nodu l ar scleros i s  type . 
As a speci al feature , i ntracytopl asmi c l ymphocytes were found i n  a 
number of Sternberg-Reed cel l s  ( fi g .  2 ) .  These lymphocytes often 
seemed to l i e together i n  a l arge vacuol e .  Up to ei ght lymphocytes 
were seen i n  the Sternberg-Reed cel l s .  Lymphocytes were even found i n  
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F i g . 1 .  Nod u l a r  s c l e ros i s  type of Hodgk i n ' s  d i sease w i th  a l a rge num­
ber of l acunar type Sternberg-Reed ce l l s .  Hematoxy l i n-eos i n ,  red uced 
to x2B O .  
the cytopl asm of a very l arge atypi cal mi tos i s ,  apparently o f  a Stern­
berg-Reed cel l .  Both the i ntracytopl asmi c l ymphocytes and the Stern­
berg-Reed cel l s  appeared to be v i tal by morphol og i c  cri teri a .  No other 
types of cel l s  were found i n  the cytopl asm of Sternberg-Reed cel l s .  
Immunohi stol ogy 
Al though many hi sti ocyti c reti cul um cel l s  and segmented and eos i ­
nophi l l eukocytes stai ned pos i ti vely  for lysozyme , no stai n i ng was 
fou nd i n  the Sternberg-Reed cel l s  wi th or wi thout i ntracytopl asmi c 
l ymphocytes .  A weak d i ffuse s tai ni ng for IgG and for kappa and l ambda 
chai ns was present i n  some of the Sternberg-Reed cel l s ,  both wi th and 
wi thout i ntracytopl asmi c lymphocytes . 
Discussi on 
The presence of l ymphocytes i n  the cytopl asm of Sternberg-Reed 
cel l s  i s  a rare phenomenon . In the previ ous l i terature , i t  has been 
consi dered to represent phagocytosi s ,  and i f  thi s were true , i t  woul d  
be a strong argument i n  favor of the h i s ti ocyti c  nature of Sternberg­
Reed cel l s .  Emperi pol es i s  ( Humb le  et al . ,  1956 ) mi ght al so be respon­
s i bl e ,  howeve r ,  for the presence of l ymphocytes i n  the cytopl asm of 
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F i g .  2 .  ( a )  Th ree l acunar S te rnbe rg-Reed ce l l s .  One conta i ns two l ym­
phocytes .  Hema toxy l i n-eos i n ,  reduced to x56 0 .  (b) Large l acunar S tern­
be rg-Reed ce l l  w i th no i n tracytop l asm i c  l ymphocytes . Hematoxy l i n-eos i n ,  
reduced to x4SO . ( c )  S ternbe rg-Reed ce l l wi th  many i n t racytop l asm i c  
l ymphocytes . Hematoxy l i n-eos i n ,  reduced to x70 0 .  ( d )  M i tos i s ,  appa rent­
ly of a S ternberg-Reed ee l 1 w i th i n t racytop l asm i c  l ymphocytes . Hema­
toxy l i n-eos i n ,  redu ced to x700 . 
other cel l s .  A fi ndi ng that supported emperi pol esi s was the presence 
of apparentl y v i tal lymphocytes l yi ng together i n  l arge vacuol es i n  
the Sternberg-Reed cel l s .  Al though the l ymphocytes i n  starry-sky ma­
crophages i n  germi nal centers are usua l l y  pyknoti c ,  however , obv i ously 
vi tal  or even mi toti c tumor cel l s  can  be  seen i n  the macrophages i n  
Burkitt ' s  l ymphoma ( Kai serl i ng ,  1977 ) .  I n  l ymphadeni ti s wi th massi ve 
hemophagocyti c s i nus hi s ti ocytos i s ,  v i tal and nonvi tal l ymphocytes and 
red bl ood cel l s ,  segmented l eukocytes , and pl asma cel l s  are phagocy­
tosed ( Lennert , 1971 ) .  Si nce phagocytosi s of lymphocytes was not seen 
in hi sti ocyti c  reti cul um cel l s  in our case , i t  i s  unl i ke ly  that an ab­
normal i ty i n  the l ymphocyte cel l membrane was the reason for phagocy­
tosi s .  Another possi bi l i ty is that the Sternberg-Reed cel l s  were in a 
parti cul ar fu ncti onal state i n  whi ch phagocyti c acti v i ty was greatl y 
i ncreased . It i s  understandabl e that only lymphocytes woul d be 
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phagocytosed i n  such a s tate , s i nce l ymphocytes are the predomi nant 
cel l s  in the l es i on .  
The absence o f  lysozyme from the Sternberg-Reed cel l s  i n  thi s  case 
i s  another argument agai nst phagocytosi s ,  because l ysozyme can nearly 
al ways be demonstrated i n  other phagocyti c cel l s .  Al though Long et al . 
( 1977 )  and Kapl an and Gartner ( 1977 ) found l ysozyme i n  the cul ture 
f l u ids  of ti ssue cul tures from Hodgki n ' s  di sease , l ysozyme usua l l y  
cannot be demonstrated i n  Sternberg-Reed cel l s  i n  ti ssue secti ons 
( Tayl o r ,  1976 ; Papadi mi tri ou et al . ,  1978 ) . Papadimi tri ou et al . 
( 1 978 ) , however , found one case of the nodul ar scl erosi s type of 
Hodg ki n ' s  d i sease wi th i ntracytopl asmi c s tai n i ng for l ysozyme . 
Emperi pol es i s  i s  the resul t of an acti ve adherence of l ymphocytes 
to tumor cel l s  or macrophages wi th a subsequent i ncl us ion i n  vacuol es 
i ns i de the cytopl asm of these cel l s  ( Humbl e et  al . ,  1956 ) . Duri ng the 
past few years , strong adherence of l ymphocytes , sometimes speci fied 
as  T l ymphocytes , to Sternberg-Reed cel l s  has been descri bed ( Pret l ow 
et al . ,  1973 ; Brayl an  et al . ,  1974 ; Kadi n et al . ,  197 4 ;  Stuart et al . ,  
1977 ) .  Th i s  i nd i cates the possi b i l i ty that the i ncl us ion of l ympho­
cytes in Sternberg-Reed cel l s  i s  the resul t of emperi pol es i s .  Arguments 
i n  favor of thi s mechani sm are the presence of apparently vi tal l ym­
phocytes and absence of other cel l s  in Sternberg-Reed cel l s .  
The data on the i ntracytopl asmi c l ymphocytes i n  the pati ent presen­
ted here nei ther support nor refute a h i sti ocyti c ori gi n of Sternberg­
Reed cel l s . 
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Chapter I V .  
THE LOCAL I ZATION OF HODGKI N ' S  D I SEASE I N  LYMPH NODES . A STUDY WITH 
IMMUNOH I STOLOG ICAL , ENZYMEH I STOCHErH CAL AND ROSETTI NG TECHN IQUES ON 
FROZEN SECTIONS.  
S .  Poppema , J . D .  El ema , M . R .  Hal i e .  
Abstract 
Lymphoid ti ssue of 51 pati ents wi th Hodg ki n ' s  di sease was stud i ed 
wi th immunohi sto l og i cal , enzymehi stochemi cal and rosetti ng techni ques 
for the detecti on of B and T cel l s  i n  frozen secti ons . It was found i n  
lymph nodes of pati ents wi th l ymphocyte predomi nance type of Hodgki n ' s  
di sease , that the majori ty of the l ymphocytes i n  the i nvol ved areas 
were normal B l ymphocytes of pol ycl onal ori g i n .  Thi s was al so true for 
nodul ar scl eros i s  cases with a predomi nance of lymphocytes . Surroun­
d i ng Sternberg-Reed cel l s  smal l cl usters of T l ymphocytes cou l d be 
demonstrated . In mi xed cel l u l ari ty and al so i n  nodul ar scl eros i s  wi th 
a mi xed cel l u l ar pattern only smal l res i dual areas of B lymphocytes 
were present , whereas rel ati vely l arge numbers of T l ymphocytes were 
found i n  the i nvol v ed areas . I n  l ymphocyte depl eti on B lymphocytes 
were scarce and T l ymphocytes were present i n  smal l number . It i s  con­
cl uded that d i fferent patterns of l ymphocyte popu l ati on can be di s­
cerned in the subtypes of Hodgki n ' s  d i seas e .  A predomi nance of B 
lymphocytes i s  found i n  cases wi th l ymphocyte predomi nance and thus i s  
a prognosti c favourabl e s i gn . A predomi nance of T lymphocytes as found 
i n  cases with a mi xed cel l u l ar pattern wi th  or wi thou t nodu l ar scl ero­
s i s  i s  therefore not a favourabl e s ign  i n  general but may i ndi cate 
progress i ve di sease. The pos s i bl e  reasons for the presence of l arge 
numbers of B or T lymphocytes i n  l ympho i d  ti ssue affected by Hodgki n ' s  
di sease i s  d i scu ssed . 
I ntroducti on 
Duri ng the past five years a l arge number of stud i es have been 
dea l i ng wi th the nature of Sternberg-Reed cel l s .  The area of pri mary 
l ocal i zati on i n  the l ymph node and the nature of the lymphocytes that 
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are present i n  vari abl e numbers i n  the d i fferent subtypes of Hodgki n ' s  
di sease have been studied l es s  extensivel y .  
From conventi onal hi s tol ogy i t  was concl uded that sma l l  foci of 
i nvol vement are usual l y  si tuated i n  corti cal t i ssue i n  the i nterfol ­
l i cu l a r  region  ( Lukes , 1971 ) .  I n  the spl een an early l ocal i zati on i n  
the thymus dependent per i -arteri o l ar lymphocyte sheath has been re­
ported by Yam and Li ( 1976 ) ,  whi l e  on the other hand Hal i e  et a l . 
( 1 978 ) found smal l Hodgki n foci i n  fol l i cl es , whi ch are known to be 
B cel l areas . Cossman et al . ( 1 977 ) ,  usi ng rosette as says on frozen 
secti ons , found a l arge popu l ati on of lymphocytes wi th compl ement re­
ceptors in i nfi l trated ti ssues of ni ne cases wi th nodu lar scl eros i s  
type of Hodgki n ' s  d i sease . Curran and Jones ( 1978) suggested on the 
bas i s  of an immunohistochemical and h i s tol ogi cal  study that Stern­
berg-Reed cel l s  are abnormal dendri tic  hi sti ocytes and that the no­
du l es of Hodgki n ' s  d i sease are "neopl asti c "  vers i ons of normal fol l i ­
cl es . Lennert et al . ( 1978 ) fou nd that by u l tras tructural cri ter i a  
the l es i ons of lymphocyte predomi nance cases are l ocal i zed i n  B areas 
in contra st to mi xed cel l u l arity and nodu l ar scl eros i s  foci that are 
primari ly s i tuated in thymus dependent reg i ons . 
A l arge number of i mmuno l og i c  marker s tud ies have been done on 
su spensi ons of lymph nodes and/or spl eens of pati ents wi th Hodgk i n ' s  
di sease (Ai senberg and Long , 1975 ; Brayl an  et al . ,  1974; Bu kowski et 
al . ,  1976 ;  Gaj l -Pechal ska et al . ,  1976 ; Payne et a l . ,  1976 ; Pi nkus et 
al . ,  1978 ) .  Usua l l y  the resu l ts were i nterpreted as showi ng an i ncrea­
se in the percentage of T lymphocytes in t i ssue i nvol ved by Hodgki n ' s  
di sease i n  compari son wi th control lymph nodes and spl eens . I n  a re­
cent study , Pi nkus et a l . ( 1978 ) conc l uded that there was no s i gni fi ­
cant di fference i n  the percentages of T lymphocytes between lymph 
nodes i nvol ved by Hodgki n ' s  di sease and control lymph nodes of hyper­
pl astic nature .  The percentages of T lymphocytes i n  both i nvol ved and 
uni nvol ved spl eens of pati ents wi th Hodg ki n ' s  di sease were hi gher 
than those of control spl eens wi th traumatic rupture . 
The present study was i ni ti ated by the fi nd i ng that i n  l ymph nodes 
wi th l ymphocyte predomi nance type of Hodgki n ' s di sease l arge numbers 
of lymphocytes wi th compl ement receptors cou l d  be demonstrated i n  the 
nodu l es by means of an EAC rosetti ng technique on frozen secti ons 
( Poppema et a l . ,  1977 ) .  For thi s reason the materi al was extended and 
al so stud i ed for the presence of membrane immunog l obu l ins  and T cel l 
54 
anti gens by means of i mmunofl uorescence and itm1u noperoxi dase techni ­
ques . These fi nd i ngs were compared wi th those of enzymehi stochemi cal 
s ta i n i ng for adenosine tri phosphatase ( ATP-ase )  and 5-nucl eoti dase , 
two membrane enzymes , whi ch  permi t a d ifferenti ation between T and B 
areas i n  norma l human lymphati c ti s sue { MUl l er-Hermel i nk ,  1974 ) .  
Materi al s and methods 
Source of materi al 
Lymph nodes of 51  untreated pati ents wi th Hodgk i n ' s  d i sease were 
freshly obtai ned from the department of surgery . Bl ocks of ti ssue 
were snap frozen i n  l i qu i d  ni trogen and s tored at -7o0c unti l use .  
Thi s frozen materi al was used for  the  i nvesti gati on wi th  s heep ery­
throcyte rosetti ng techni ques, i mmunofl uorescence , irrmunoperoxi dase and 
enzyme hi stochemi s try . The hi s to l ogi cal di agnos i s  was made on routi ne­
ly prepared secti ons of formal i n  fi xed , paraffi n embedded ti ssue . 
Sheep erythrocyte rosetti ng techniques 
Sheep erythrocytes , suspended in Al sever ' s  Sol uti on were purchased 
from the Ri j ks i nsti tuut voor de Vol ksgezondhei d ( R . I . V . ) ,  Bi l thoven , 
The Netherl and s .  They were s tored at 4°C and used wi thi n 14 days of 
bl eed i ng .  Before use the erythrocytes were washed three times i n  
Hanks Bal anced Sal t Sol u ti on ( H . B . S . S . )  and the suspens i on was adjus­
ted to  a concentrati on of 1% . 
To prepare IgG coated erythroaytes { lgG-EA ) , a rabbi t anti sheep 
erythrocyte anti serum { lgG fracti o n ) , obtai ned from Nordi c ,  Ti l burg , 
The Netherl ands { batch 12-27 4 )  was added to the 1% erythrocyte sus­
pens i on .  The optima l  subagg l uti nati ng concentrati on was achi eved at a 
fi nul di l ution of 1 : 500.  The mi xture of erythrocytes and anti serum was 
i ncubated for 30 mi nutes at 37°c .  Thi s mixture was used wi thout 
further washi ng to avoid agg l uti nati on duri ng centri fugati on . 
IgM coated sheep erythrocytes ( IgM-EA ) were prepared by add i ng a 
rat anti sheep erythrocyte anti serum ( lgM fracti on ) , obta i ned from 
Dr . Paul Ni euwenhu i s  at the Department of H i s tol ogy ( Ni euwenhu i s  and 
Ford , 1976 ) to a 1% erythrocyte suspensi on to a fi nal d i l uti on of 
1 : 250 . Thi s  d i l ut i on was c hosen for i ts maximal  compl ement mediated 
hemolysi s of sheep erythrocytes at 37°C ( Frank and Gai ther , 1 970 ) . The 
mi xture of anti serum and erythrocytes was i ncubated for 30 mi nu tes at  
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37°C .  The sensi ti zed erythrocytes were then three times washed i n  
H . B . S . S .  
Complemen t coated eryth roeytes ( IgM-EAC ) were obtai ned by i ncuba­
ti ng the lgM- EA wi th an equal vol ume of 1 : 10 d i l uted fresh norma l 
mou se serum for 30 mi nutes at 37°c .  The coated erythrocytes were 
washed three times i n  H . B . S . S .  and adjusted to a concentrati on of 1% . 
Under these cond i tions no agg l u ti nati on or hemolys i s  was observed . 
The rosette as say on frozen secti ons was done al ong the outl i nes 
g i ven by Du kor et al . { 1970 )  and Shevach et al . ( 1973 ) .  Ten micron 
frozen secti ons were cut wi th a cryostat and a ir  dri ed . The secti ons 
were bri efl y ri nsed i n  H . B . S . S .  and then l ayered wi th IgG-EA, l gM-EA 
or IgM-EAC . After i ncubation at room temperature for 30 mi nutes , the 
secti ons were washed i n  PBS unti l the excess i ve erythrocytes were 
removed . The secti ons were fi xed by l ayeri ng them wi th 3% g l utaral de­
hyde for 60 mi nutes and then stai ned wi th haematoxyl i n  and eos i n  or 
Ami do Bl ack ( Meyer and Li ndeman , 197 5 ) .  Some secti ons were photogra­
phed wi thout any further sta i n i ng .  Secti ons of normal lymph nodes and 
spl eens were i ncubated s imu l taneously for use as control s .  I nvesti ga­
ti ons were done shortly after obtai n i ng the ti ssue and agai n at the 
end of the study when al l cases were i ncubated at the same ti me wi th 
the same batches of sens i ti zed erythrocytes to obta i n  an optima l  com­
parabi l i ty .  The bi nd i ng of erythrocytes was scored i n  rel ati on to 
groups of cel l s  rather than i nd i v i dual cel l types as i n  our opi ni on the 
i denti ficati on of i ndi vi dual cel l s  in frozen secti ons prepared i n  thi s  
way i s  very dou btfu l . 
Immunofl uorescence and i mmunoperoxi dase techni ques 
The i mmunofl uorescence on frozen secti ons was done al ong the out-
1 i nes g i ven by Schoorl et a l . ( 1976 ) and Levy et al . ( 1978 ) . Fi ve 
mi cron frozen secti ons were cut with a cryostat ,  dri ed wi th a ven­
ti l a tor for 10 mi nu tes , fi xed in aceton for 20 mi nutes and washed i n  
PBS ( phosphate buffered sa l i n e ,  pH 7 . 2 ) . The sections for the i mmuno­
peroxi dase procedures were prepared i n  the same way . Fl uorescei n i so­
thi ocyanate conj ugated rabbi t anti human anti sera , speci fic  for kappa , 
l ambda , gamma , mu or al pha cha i ns were obtai ned from Dakopatts , 
Copenhagen , Denmark .  These anti sera were tes ted on norma l lymphoi d  
ti ssue and o n  a l arge panel of monoc l onal non Hodgki n lymphomas . The 
secti ons were i ncubated wi th 100 mi crol i ters of the anti sera for 30 
56 
mi nutes and then washed i n  PBS for 30 mi nutes . For the demonstrati on 
of del ta cha i ns we u sed an i ndi rect method cons i sti ng of a fi rst step 
wi th rabbi t anti human del ta cha i n  anti serum ( Nordi c ,  Ti l burg , The 
Netherl and s )  and of a second step fl uorescei n i sothi ocyanate conjuga­
ted goat anti rabbi t i mmu nog l obul i n  anti serum ( Nordi c ,  Ti l burg , The 
Nether l ands ) .  The secti ons were washed after each step for 30 mi nutes 
i n  PBS . An anti human T cel l  anti serum was prepared by Dr . Mari j ke 
van der Gi essen ( department of i nternal med i ci ne , d i vi s i on of c l i n i ­
cal immu nol ogy ) by the immuni zati on o f  rabbi ts wi th puri f i ed peri phe­
ral T lymphocytes of a normal person . The anti serum was rendered spe­
cific  for T l ymphocytes by several absorpti ons wi th red bl ood cel l s ,  
thrombocytes and i n  v i tro stimul ated B lymphocytes obtai ned from the 
same normal perso n .  The speci fici ty of the anti serum was tested on 
peri pheral bl ood l ymphocytes and on frozen secti ons of normal , reac­
ti ve l ymph nodes . For immunofl uorescence an i nd i rect method u s i ng as 
a first  step the rabbi t anti human T cel l  anti serum , fol l owed by a 
fl uorescei n i sothi ocyanate conj ugated goat anti rabbi t immunog l obu l i n  
anti serum ( Nordi c ,  Ti l burg , The Netherl ands ) ,  was appl i ed .  Secti ons 
were observed u s i ng a Lei tz Orthopl an mi croscope . 
To excl ude the possi bi l i ty that the immunofl uorescence stai n i ng for 
immunog l obu l i ns was caused by the bi nd i ng of the conj ugated anti sera 
to Fe receptors on the membranes of the l ymphocytes , the secti ons were 
a l so stai ned wi th peroxi dase conjugated Fab2 fragments of a goat anti 
total human immunog l obu l i n  anti serum . Thi s ant i s erum was a l so pre­
pared by Dr . Mar i j ke van der Gi essen . The i ncubati on procedure was the 
same as that used for immunofl uorescence . The secti ons were stai ned 
wi th 3-ami no-9-ethyl carbazol ( Si gma ) and H202 ( Graham et al . ,  196 5 )  
for 5 mi nutes , g i v i ng a red reacti on product ,  al l owi ng better v i sua­
l i zati on of membranes than the brown reacti on product of the d i ami no­
benzidi ne stai ni ng .  
For compari son seri al secti ons were prepared and stai ned for T cel l 
antigen wi th a peroxi dase anti peroxi dase method ( PaP ) as prev i ously 
descri bed ( Poppema et al . ,  1978 ) . These secti ons were al so stai ned 
w ith 3-ami no-9-ethyl carbazol and H202 for 5 minutes . 
Enzymeh istochemi s try 
The stai n i ng for 5-nucl eoti dase and for adenos i ne tri phosphatase 
was done usi ng the method of Wachstei n and Mei sel ( 1957 ) descri bed i n  
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aetai l by Hardonk et al . ( 1977 ) .  Ten mi cron frozen secti ons were cut 
us i ng a cryostat and fi xed in 4% formal dehyde in 0 , 9% NaCl i n  di sti l l ed 
water wi th 6% Macrodex and 1% CaC 12  at 4°C for 10 mi nutes . The presence 
of 5-nucl eoti dase or ATP-ase acti v i ty was i nd i cated by a brown preci ­
pi tate al ong the membranes of the cel l s .  
Resul ts 
Hi stol ogi cal cl ass i f i cati on 
The hi sto l og i cal  cl ass i fi cation of the pati ents accordi ng to the 
Rye mod if icati on ( 1968) of the cl ass i fi cati on of Lukes and Butl er 
( 1 966 )  i s  gi ven in tabl e I .  
Tabl e I .  Cl ass ifi cation of the cases accord i ng to Lukes and Butl er as 
mod i f i ed by Mann et al . 
Non nodul ar  scl eros i ng ( 18 cases ) 
L .  P .  5 
M . C .  9 
L . D .  4 
Nodul ar scl erosi ng ( 33 cases ) 
N . S . L . P .  5 
N . S . M . C .  24 
N . S . L . D .  4 
Because of the marked di fferences i n  the numbers of lymphocytes i n  nodu­
l a r scl eros i s  cases we have used a subcl ass i f i cati on of these cases i n  
lymphocyti c predomi nance ( NSLP ) ,  mi xed cel l u l ari ty ( NSMC ) and lymphocy­
tic  depl etion ( NSLD) as was al ready sugges ted by Lukes ( 1966 )  and as 
appl i ed by Hann et al . ( 1979 ) . Th is  subcl ass i f i cation is al so gi ven i n  
tabl e I .  Al l su bcl asses are represented and the ages o f  the pati ents 
vary between 9 and 61 years . 
Rosetti ng techniques 
IgG-EA rosettes were appl i ed on al l cases and on control secti ons of 
normal spl een and reacti ve lymph nodes . Loca l i zati on of EA rosettes i n  
control s was found over the red pul p of the spl een and over the medu l ­
l ary si nuses of l ymph nodes as was descri bed by Shevach et al . ( 1973 ) .  
I n  lymph nodes wi th Hodg ki n ' s  d i sease bi nd i ng was only observed i n  cases 
of nodul ar scl eros i s  wi th fresh fi brosi s and i n  cases of lymphocyte de­
pl eti on wi th di ffu se fi bros i s .  No bi nd i ng was found over areas wi th 
l arge numbers of Sternberg-Reed cel l s  i n  nodul ar scl erosi s or i n  l ympho­
cyte depl etion of the reti cu l ar type . 
Ig,"4-EA rosettes were a l so appl i ed on al l cases and on control sec­
ti ons as a control for the IgM-EAC rosette . No bi nd i ng of the lgM-EA 
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rosettes was observed on the control s and on the lymph nodes wi th 
Hodg ki n ' s  d i sease . 
IgM-EAC rosettes were appl i ed on a l l  cases and on control secti ons 
of norma l spl een and of reactive  lymph nodes . Attachment of erythro­
cytes was found over spl enic and l ymph node fol l i c l es ,  i ncl ud i ng the 
germi nal centres , and sometimes over the medul l ary si nuses of l ymph 
nodes . These resu l ts are i n  accordance wi th the fi ndi ngs of Shevach 
et a l . ( 1973 ) .  
I n  l ymphocyte predomi nance type of Hodgki n ' s  di sease a cl ear bi ndi ng 
of IgM-EAC was present especi al l y  over the nodu l es of the nodul a r  sub­
type ( fi g .  1 ) .  Thi s pattern was a l so obtai ned in areas where the nodul ar 
arrangement was not i nmedi ately apparent wi th conventi onal l i ght mi cros ­
copy . I n  more di ffuse  areas wi th l ymphocyte predomi nance a l es s  dense 
bi ndi ng was found . The areas between the nodul es were devoi d  of adhe­
rent erythrocytes , but al so in the nodul es several smal l areas wi thout 
adherence of erythrocytes cou l d  be seen . Some of these areas represen­
ted bl ood vessel s ,  but others were composed of Sternberg-Reed cel l s  wi th 
a smal l group of surround i ng l ymphocytes . 
I n  nodu l ar scl erosi s wi th l ymphocyte predomi nance ( NSLP ) the l ymph 
nodes showed essenti al l y  the same : a cl ear bi ndi ng of IgM-EAC over the 
nodu l es .wi th negati ve areas between the nodul es .  Agai n ,  as i n  the lympho­
cyte predomi nance cases , i n  the nodul es wi th I gM-EAC bi ndi ng ,sma l l ne­
gative areas were present .  
I n  cases of mi xed cel l u l ari ty type of  Hodg k i n ' s  di sease the  resul ts 
were somewhat vari abl e as a resul t  of the heterogeneous character of thi s 
group.  However , usual ly only smal l ,  "residual  11 , i rregu l arly shaped areas 
wi th IgM-EAC bi ndi ng l ymphocytes were found . Sternberg-Reed cel l s  were 
only present outside these areas wi th someti mes a remarkabl e cl ustering 
around the areas wi th IgM-EAC bi ndi ng . The lymphocytes in the areas wi th 
Sternberg-Reed cel l s  were thus devoid  of receptors for I gN-EAC . 
I n  cases of nodul ar scl eros i s  wi th mi xed cel l u l ari ty ( NSMC ) al so 
only smal l " res i d ua l " groups of IgM-EAC bi ndi ng lymphocytes were found , 
frequently l ocal i zed i n  the centre of a nodu l e  (fi g .  2 ) . The areas wi th 
groups of l acunar type Sternberg-Reed cel l s  wi th thei r surroundi ng 
l ymphocytes and the eos i nophi l s  and p l asma cel l s  were devoid  of IgM­
EAC bi ndi ng . 
I n  both the reti cul ar and the d i ffuse fi bros i s  variant of l ympho­
cyte depl etion the lymph nodes d i d  not show any b ind i ng of IgM-EAC . 
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F i g .  1 .  EAC rosette  on f rozen 
sect i on of a case of l ymphocyte 
predom i nance type of Hodg k i n ' s  
d i sease . A c l ea r  b i nd i ng of 
b l ack  appea r i ng comp l ement  
coa ted s heep erythrocytes i s  
p resent over  the nod u l es . The 
i nte rnodu l a r  a rea and some 
sma l l a reas i n  the nodu l es 
a re nega t i ve .  ( uns ta i ned f rozen 
sect i on ,  reduced to x 1 0 ) .  
F i g .  2 .  EAC roset te on f rozen 
sect i on of a case of nodu l a r  
s c l eros i s  type of Hodg k i n ' s  d i ­
sease .  I n  the cen t res  of the 
nodu l e s  a c l ea r  b i nd i ng of b l ack 
appea r i ng comp l ement coated 
s heep erythrocytes can be obser­
ved . The marg i ns of the nod u l e s  
a re devo i d  o f  l ymphocytes w i th  
comp l ement  receptors and  appea r 
as  wh i te a rea s .  The i n te rconnec­
t i ng col l agen band s a re g rey . 
(uns ta i ned f rozen sec t i on ,  redu­
ced to x 8 ) . 
I n  lymph nodes of cases of nodul a r  scl eros i s  wi th lymphocyte dep l e­
tion { NSLO ) vi rtua l ly no bi ndi ng of IgM-EAC was present.  
Immunofl uorescence and immunoperox i dase 
Immunofl uorescence stud i es for the detection of lymphocytes wi th 
the di fferent immunog l obu l i n  subcl asses or a T cel l anti gen were 
done on 13 cases , i ncl uding al l the d i fferent subcl asses . The immuno­
peroxidase studies  for the detection of the same anti gens in seri al 
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secti ons were done on fi ve cases of di fferent subtypes . The res u l ts 
of the sta i r. i ng for total i mmunogl obul i n  were comparabl e wi th those 
of the IgM-EAC rosette techni que . 
I n  3 cases wi th l ymphocyte predomi nance h igh numbers of l ymphocytes 
i n  the nodul es were s tai ned for total i mmunog l obul i n  ( fi g .  3 ) .  
F i g .  3 .  l mmunoperox i dase  p rocedu re w i th  pe rox i da se conjuga ted Fab2 
f ragments , d i rec ted aga i ns t  tota l human i mmunog l obu l i n ,  on f rozen 
sec t i on of a case of l ymphocyte p redom i nance type of Hodg k i n ' s  d i sease .  
Seve ra l  nodu l es w i th  l ymphocytes s t a i ned for  membrane i mmunog l obu l i n  
can be seen .  The i nte rnodu l a r  a reas and sma l l a reas i n  the nodu l es a re 
devo i d  of pos i t i ve s ta i n i ng ce l l s . Vesse l wa l l s i n  the i nte rnodu l a r  
a reas appear b l ack .  ( 3 -am i no-9-ethy l ca rbazol and H202  s ta i n i ng ,  re­
d uced to x 60 ) . 
These lymphocytes appeared to have both mu and del ta heavy cha i ns .  
Stai ni ng for the l i ght chai ns showed both kappa and l ambda cha i n  po­
s i ti ve lymphocytes i n  these areas wi th a predomi nance of kappa l i ght 
cha i ns .  As i n  the IgM-EAC rosette assay agai n sma l l negative areas 
arou nd vessel s and Sternberg-Reed cel l s  coul d be d i scerned . In 2 NSLP 
cases the resul ts were s imi l ar .  
I n  2 cases wi th mi xed cel l ul ari ty and i n  3 NSMC cases smal l ,  i rre­
gul ar  areas wi th l ymphocytes , stai n i ng for total i mmunog l obul i n ,  mu 
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a nd del ta heavy cha i ns a nd for kappa and l ambda l i ght chai ns , were pre­
sent . Areas wi th Sternberg-Reed cel l s  a l s o  showed some pos i ti v e  pl as­
ma cel l s .  The Sternberg-Reed cel l s  and thei r surround i ng l ymphocytes 
were negat ive .  
I n  2 cases w ith l ymphocyte depl eti on and i n  1 NSLD case very few 
pos i tive  sta i ni ng l ymphocytes coul d be fou nd . I n  a case of d iffuse fi ­
bros i s  high numbers of pos i tive s ta i n i ng p l asma cel l s  were present . 
The resul ts of the immunoperoxi dase stai ni ng wi th Fab2 fragments 
were the same as those of the illlTlunofl uorescence s ta i n i ng with compl e­
te anti bodi es . 
Immunofl uorescence and i lTlllunoperoxi dase wi th anti T cel l anti serum 
was compl ementary to the fi ndi ngs  wi th anti human immunogl obu l i n .  I n  
cases o f  l ymphocyte predomi nance type of Hodgki n ' s  di sease posi t i ve 
s tai n i ng for the T cel l anti gen was found i n  the i nternodul ar area and 
i n  smal l areas around bl ood vessel s and Sternberg-Reed cel l s  i n  the 
nodu l es ( fi g .  4 ) .  The same pattern was found i n  NSLP cases ( fi g .  5 ) . 
F i g .  4 .  lmmunope rox i dase p rocedu re ( Pa P  techn i que) , w i t h  an t i se rum d i ­
rected aga i ns t  human T ce l l  ant i gen , on f rozen sec t i on of  a case of 
l ymphocy te predom i na nce type of Hodgk i n ' s  d i sease . ( Same case as f i g .  
3 ) . Seve ra l nega t i ve nodu l es can be d i scerned w i th  a numbe r of pos i t i ­
ve l y  s ta i ned T l ymphocytes i n  t he i nte rnod u l a r  a reas and sma l l c l us­
ters  of pos i t i ve T ce l l s  i n  the nod u l es . ( 3-am i no-9-e thy l ca rbazo l and 
H202 s ta i n i ng ,  reduced to x 60 ) . 
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F i g .  5 .  l mmunoperox i dase  p rocedu­
re  ( Pa P  techn i que) , w i th an t i se­
rum d i rected aga i ns t  human T ee l 1 
an t i gen , on f rozen sect i on of a 
case of nodu l a r  sc l e ros i s  w i th 
l ymphocyte p redom i nance . A p re­
dom i nance of nega t i ve ce l l s  w i t h 
some c l us te r s  of pos i t i ve s ta i ­
n i ng T l ymphocy tes . I n  the cen­
t re of one of these c l us ters  a 
S ternberg-Reed ce l l w i th  p rom i ­
nent  nuc l eo l i can be d i sce r ned 
( a r row) . ( 3 -am i no-9-ethy l ca rbazol 
and H202 s ta i n i ng ,  reduced to 
x 280) . 
F i g .  6 .  l mmu noperox i dase p roce­
dure  ( PaP  techn ique) , w i th  ant i ­
se rum d i rected aga i ns t  human T 
ce l l  an t i gen , on f rozen sect i on 
of a case of m i xed ce l l u l a r i ty 
type of Hodg k i n ' s  d i sease .  A p re­
dom i nance of pos i t i ve s ta i n i ng T 
l ymphocy tes , s u r rou nd i ng sever a l  
S ternbe rg-Reed ce l l s .  ( 3 -am i no-
9-ethy l ca rbazol and H202  s ta i n i ng ,  
reduced to x 28 0) . 
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I n  cases wi th mi xed cel l u l ari ty and i n  NSMC cases rel atively h igh  
numbers of pos i ti ve stai n ing l ymphocytes were found in  the areas wi th 
Sternberg-Reed cel l s  ( f i g . 6 ) . The sma l l  areas wi th apparentl y res i ­
dual lymphocytes were negati ve .  N o  pos i tive stai ni ng of Sternberg-Reed 
cel l s  cou l d  be observed . 
I n  cases wi th lymphocyte depl eti on of Hodgki n ' s  di seas e ,  i ncl ud i ng 
the NSLD cases a vari abl e  number of pos i ti ve stai ni ng l ymphocytes 
were found i n  between the prol i ferati on of Sternberg-Reed cel l s .  
Enzymehi stochemi stry 
The resul ts of the 5-nucl eoti dase stai ni ng and the ATP-ase sta i n i ng 
i n  norma l lymphoi d  ti ssue were i n  accordance wi th the fi nd i ngs of 
MUl l er-Hermel i nk ( 1974 ) .  The lymphocytes of the B cel l regi ons , i . e .  
pri mary fol l i cl es and the germi nal centre wal l , were pos i ti ve for 
5-nucl eoti dase and for ATP-ase . The germi nal centre cel l s  were negative 
for both enzymes , whereas i mmu nobl asts and p lasma cel l s  were strong ly  
pos i ti ve for ATP-ase , but negative for  5-nucl eoti dase . The l ymphocytes 
of the T cel l  reg i ons were negati ve for both enzymes . 
The fi ndi ngs of the 5-nucl eotidase sta i ni ng were stri k i ng ly  s imi l a r  
t o  the res ul ts o f  the IgM-EAC rosettes and the immunohi stol ogi cal  de­
mons trati on of membrane i mmunogl obu l i ns .  Aga i n ,  i n  lymphocyte predo­
mi nance a pos i tive  stai n i ng reacti on was obtai ned in the nodu l es wi th 
negati ve areas between the nodul es and smal l negative grou ps of cel l s  
i n  the nodul es .  I n  mi xed cel l u l ari ty cases only smal l i rregu l ar groups 
of pos i ti ve stai ni ng lymphocytes were found . In lymphocyte depl eti on 
cases the stai ni ng was essenti al ly  negati ve .  
The  resu l ts of  the ATP-ase stai ni ng were simi l ar ,  but the pattern 
was l ess c l ear as a res u l t  of the strong stai ni ng of pl asma cel l s ,  
h i sti ocytes and f i brobl asts . The fi nd i ngs i n  the vari ous subcl asses 
of nodul ar scl eros i s  were ful ly  comparabl e to those of the non-nodul ar 
scl erosi ng types .  
Di scussi on 
I n  v i ew of the fi ndi ng that earl y i nvol vement of lymph nodes wi th 
Hodgk i n ' s  di sease usual ly  takes pl ace i n  the i nterfol l i cu l a r area 
( Lukes , 1971 ) and a l so becau se of the defective cel l u l ar immuni ty 
( Levy and Kapl an , 1974 ) early i n  the di sease , i t  has been suggested 
that Hodgki n ' s di sease i s  a neopl asm of the T cel l sys tem ( B i n i amov 
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and Ramot , 1974 ) . The s l i ght i ncrease of T lymphocytes i n  l ymph nodes 
of pati ents wi th Hodgki n ' s  d i sease in compari son wi th reacti ve lymph 
nodes has been taken as a further argument for thi s  concept . However , 
P i nkus et al . ( 1978 ) found that thi s di fference i n  fact was not s ig­
n i fi cant.  
In  the present study high  numbers of B l ymphocytes , identi f i ed by 
the presence of compl ement receptors and of pol yc l onal membrane immu­
nogl obu l i ns ,  were found in the nodu l es ,  and al so i n  more di ffuse areas 
of the lymphocyte predomi nance type of Hodgki n ' s  di sease .  In cases of 
nodu l ar scl eros i s  wi th a h igh  number of l ymphocytes ( NSLP )  hi gh num­
bers of B lymphocytes were present i n  the nodu l e s .  Our fi ndi ng s  there­
fore confi rm and extend those of Cassman et al . ( 1977 ) , who found 
l arge numbers of l ymphocytes wi th compl ement receptors i n  cases of no­
dul ar scl eros i s  type of Hodg ki n ' s  di sease i n  the spl een . The absence 
of b i ndi ng i n  the EA- IgM rosette assay on frozen secti ons exc l udes the 
poss i bi l i ty that the EAC- IgM binding resul ted from adherence of the 
erythrocytes to l ymphocytes wi th receptors for IgM , as has been des­
cri bed in lymph node and spl een suspensi ons of pati ents wi th  Hodgki n ' s  
di sease ( Habeshaw et al . ,  1976; Hu nter et al . ,  1977 ; and Pi nkus et al . ,  
1978 ) .  The l arge s i ze of the B l ymphocyte nodul es excl udes that they 
are only grou ps of resi dual fol l i c l e  cel l s .  The absence of mi toti c  
figures i n  lymphoid  cel l s  and o f  s i gns o f  germi nal centre cel l reac­
tions argues agai nst l ocal prol i ferati on and favours a mi grati on of B 
l ymphocytes i nto these nodu l e s .  The polyc l onal i ty of the membrane 
immunog l obu l i ns on the B l ymphocytes excl udes a neop l a s ti c  orig i n of 
these cel l s  and the posi tive  sta i ni ng of the membranes for 5-nucl eo­
ti dase and ATP-ase i ndicates that they are normal B l ymphocytes as 
can be found i n  primary fol l i cl es and i n  germi nal centre wal l s  
( MU l l er-Hermel i n k ,  1974 ) .  Thi s i s  i n  contrast  to the lymphocytes of 
chroni c lymphocyti c l eukemi a and most other non-Hodgki n l ymphomas of 
B cel l  ori g i n  whi ch are negative wi th the 5-nucl eoti dase s tai n i ng 
( MUl l er-Hermel i nk and Kai serl i ng ,  1 975 ) .  Curran and Jones ( 1978 ) 
suggested that the l arge amount of B l ymphocytes cou l d  be due to the 
presence of abnormal or even neopl asti c reti cul um cel l s ,  i nteracti ng 
wi th B lymphocytes i n  a s imi l ar way as norma l dendri ti c reti cul um 
cel l s  i n  B cel l areas do ( Nossal et al . ,  1968 ) .  The exi stence of a 
B cel l reacti on i n  Hodgki n ' s  d i sease can be concl uded from the fi nd i ng 
of i n  vi tro producti on of IgG d i rected agai nst normal T lymphocytes by 
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'spl een cel l s  of pati ents wi th Hodg ki n ' s  di sease ( Longmi re et a l . ,  
1978 ) . I t  i s  a l so pos s i bl e that the B lymphocytes are i nvol ved i n  an 
immune reacti on against  the Sternberg-Reed cel l s  or agai nst other as 
yet unknown factors i nvol ved i n  the devel opment of Hodgki n ' s  d i sease 
or rel ated to the impai red cel l u l a r  inmuni ty al ready present early i n  
the d i sease . 
Al though our study does not solve  the probl em why B l ymphocytes are 
present i n  such h igh  numbers i n  the lymph nodes i n  some cases of 
Hodgk i n ' s di sease , i t  can be concl uded that lymphocyte predomi nance i s  
the resul t of thi s  presence of B lymphocytes and not of an i ncrease 
in the number of T l ymphocytes .  The rel ation of thi s  fi ndi ng to the 
favorabl e prognos i s  of lymphocyte predomi nance types of Hodgk in ' s  d i ­
sease i s  not cl ear . Notwi thstand i ng these l arge numbers o f  B lympho­
cytes it cou l d  be demonstrated that i n  the nodu l es a l so smal l cl usters 
of T l ymphocytes were present .  In the centre of such T lymphocyte 
cl usters sometimes a Sternberg-Reed cel l coul d be d i scerned . 
I n  cases of mi xed cel l ul ari ty and of nodul ar scl eros i s wi th mi xed 
cel l ul ari ty ( NSMC ) only smal l ,  probably residual groups of B lympho­
cytes were found . These B lymphocytes showed the same characteri s ti cs 
as those in lymphocyte predomi nance cases . Sternberg-Reed cel l s  were 
only present outs ide the res idual B cel l areas and they were surroun­
ded excl usi vely by T lymphocytes as cou l d  be demonstrated wi th the use 
of the anti T cel l  anti serum . 
These fi ndi ngs are d i fferent from those of Curran and Jones ( 1978 ) , 
who descri bed that the Sternberg-Reed cel l s  were di rectly surrounded 
by B l ymphocytes .  As a consequence , our resul ts do not support the 
dendri ti c reti cul um cel l hypothes i s  of Curran and Jones ( 1978 ) . The 
findi ng of Sternberg-Reed cel l s  surrounded by l ymphocytes in fresh 
suspens i ons of Hodgk i n ' s  di sease ti ssue ( Brayl an et al . ,  1974 ; Kadi n 
et al . ,  1974)  and i n  short ti me cul tures ( P retl ow et al . ,  1973 ;  Payne 
et al . ,  1977 ; Stuart et al . ,  1977 ) ,  whi ch were proved to be T cel l s  
by mean of E-rosettes ( Brayl an  et a l . ,  1974; Stuart et a l . ,  1977 ; 
Poppema , unpubl i shed ) i s  i n  agreement with our f i ndi ngs  i n  frozen 
ti ssue secti ons . From thi s  i t  can be concl uded that the cl us teri ng of 
T lymphocytes around Sternberg-Reed cel l s  as found i n  vi tro al so 
takes pl ace i n  vivo and may represent a speci fi c bi nd i ng between these 
cel l types . There are severa l poss i bl e  mechani sms that cou l d  be respon­
s i bl e  for such a bi nd i ng : 1- an irrrnune reacti on of T lymphocytes 
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agai nst antigeni c detenni nants on the membranes of Sternberg-Reed 
cel l s  by specifi c or non-s peci f i c  di rect cytotoxi ci ty or by anti body 
medi ated cel l ul ar cytotoxi ci ty ;  2- an i nteracti on between T lympho­
cytes and Sternberg-Reed cel l s  as has been descri bed between T lympho­
cytes and monocytes (T im  Fan et al . ,  1977 ) ,  or as can be suspected 
for the i nteracti on between T l ymphocytes and i nterdigi tati ng reti ­
cul um cel l s ,  pos s i bly for the transfer of antigeni c stimu l i (Veld­
man et  al . ,  1978 ) ;  3- other i nteracti ons of  unknown nature , for i n­
stance comparabl e to the bi nd i ng of s heep erythrocytes to T lympho­
cytes ( Bach et al . ,  1969 ) .  
The mere presence of a l arge number of B or T l ymphocytes i n  a cer­
tai n  area does not prove that thi s  area i s  a B or a T reg i o n .  However ,  
the  demonstration of  dendri ti c reti cul um cel l s ,  whi ch are typi cal 
for B reg i ons , i n  a subtype of lymphocyte predomi nance , ca l l ed nodu­
l ar paragranul oma , and of i nterdigi tati ng reti cul um cel l s ,  whi ch are 
typica l  for T regi ons , i n  areas i nvol ved by mi xed cel l ul ari ty or no­
dul ar scl eros i s  wi th a mi xed cel l ul ar pattern , prov i des a s trong ar­
gument for the idea that these subtypes are l ocal ized i n  d i fferent 
lymph node regi ons ( Lennert et a l . ,  1978;  Poppema et al . ,  1979 ) . The 
presence of a l arge number of B lymphocytes in l ymphocyte predomi nance 
and the rel ative preponderance of T l ymphocytes i n  mi xed cel l u l ari ty 
and i n  nodu l ar scl erosi s wi th a mi xed cel l u l ar pattern as was demon­
strated i n  the present study i s  thus i n  agreement wi th the u l tra­
structural fi ndi ngs  on the presence of reti cul um cel l s .  It has al so 
been demonstrated, that the L&H type Sternberg-Reed cel l s  of nod u l a r  
paragranul oma actua l l y  are atypi cal B immunobl asts ( Poppema e t  al . ,  
197 9 )  i n  contrast to other types of Sternberg-Reed cel l s  ( Poppema et 
al . ,  1 978 ) , and i t  has been suggested that nodul ar paragranul oma i s  a 
separate enti ty ,  d i fferent from the other subtypes of Hodgki n ' s  di ­
sease ( Poppema et al . ,  1979 ) . I n  a sequenti al bi opsy study of nodu l ar 
paragranul oma no trans i ti ons were found to mi xed cel l u l ari ty or no­
dul ar scl eros i s ( Poppema et al . ,  1979 ) . 
I n  the present study no di fferences cou l d  be demonstrated regardi ng 
the nature of the lymphocytes between nodul ar paragranul oma and other 
types of l ymphocyte predomi nance type of Hodgki n ' s  di sease , wi th or 
wi thout nodu l ar scl erosi s .  I t  i s  therefore not cl ear whether the ob­
served patterns onl y i nd i cate di fferent stages i n  the d i sease or 
whether they are a refl ection of the exi stence of di fferent enti ti es . 
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A further study of the character of Sternberg-Reed cel l vari ants i n  
lymphocyte predomi nance cases , especia l ly  i n  those cases whi ch change 
i nto mi xed cel l ul ari ty or nodu l ar scl erosi s  woul d be very important.  
The fi ndi ng of a l arge number of B lymphocytes i n  l ymphocyte pre­
domi nance cases, wh i c h  have a favou rab l e  prognos i s ,  and the predomi nance 
of T lymphocytes i n  mi xed cel l ul ari ty cases , whi ch have a l ess  favou­
rabl e prognos i s ,  i nd i cates that the presence of a l a rge number of T 
l ymphocytes cannot be taken as a prognosti c favourabl e s i gn i n  gene­
ra l . It may be that the wel l  known trans i ti ons from lymphocyte predo­
mi nance through mi xed cel l u l ari ty to lymphocyte depl etion shou l d  be 
i nterpreted as a gradual l oss , at fi rst of B cel l s . and l ater of T 
cel l s .  A rel ati ve predomi nance of T cel l s  woul d thus prov i de a cl ue 
for progress i ve di sease . Thi s  woul d be true for cases wi th and wi thou t 
nodul ar scl eros i s . 
F i nal ly  i t  can be concl uded that at present expl anations for the i n­
crease of B and/or T lymphocytes i n  some forms of Hodgki n ' s  d i sease 
and the decrease of these cel l s  in others cannot be g i ven . It shoul d 
be real i zed that a number of d i fferent mechani sms may be work i ng to­
gether and al so that the mechani sm of B lymphocyte accumul ati on i n  
nodul ar paragranul oma might be di fferent from that i n  other lympho­
cyte predomi nance cases . 
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Chapter  V .  
HODGKIN ' S  D I SEASE WITH LYMPHOCYTI C  PREDOMINANCE , NODULAR TYPE ( NODU­
LAR PARAGRANULOMA) AND PROGRESS IVELY TRANSFORMED GERMI NAL CENTRES -
A CYTOHI STOLOGI CAL STUDY . 
S .  Poppema , E .  Kai serl i ng ,  K .  Lennert . 
HistopathoZogy 3 : 295-308, 1 9 '19 
Abstract 
The hi stol ogy , cytol ogy , and enzyme cytochemi stry of a nodul ar va­
ri ant of Hodgki n ' s  di sease wi th l ymphocyti c predomi nance , cal l ed 
" nodul ar paragranul oma " ,  are presented . The hi stol ogi cal featu res of 
nodul ar paragranul oma are compared wi th those of progressi vel y trans­
formed germi nal centres , whi ch are enl arged fol l i cl es s howi ng a pre­
domi nance of sma l l l ymphocytes and some resi dual germi nal centre 
cel l s .  Progressi vely transformed germi nal centres are sometimes found 
i n  nonspecifi c lymphadenit is  ( reacti ve hyperpl asi a ) .  The h i stol ogi cal 
s imi l ari ty and the associ ati on between l ymph nodes wi th nodul ar  para­
granul oma and lymph nodes wi th progressi vel y transformed germi nal 
centres in the same pati ent at di fferent moments or at the same time , 
suggest that progress i vel y transformed germi nal centres are the ori ­
g i n  of nodul ar paragranul oma . Hence , i t  must be concl uded that nodu-
1 ar paragranul oma takes pl ace i n  B-ce l l  areas of the l ymph node , un­
l i ke the other ,  or at l east most of the other ,  types of Hodgki n ' s  
d i sease. 
I ntroducti on 
Hodgki n ' s  paragranul oma was fi rst descri bed i n  the l i terature under 
the name "earl y Hodgk i n "  ( Jackson , 1937 ) .  Because of the often very 
l ong durati on of the d i sease ( u p  to 39 years ) ,  wi th no change i n  the 
pathol ogi cal picture , i t  was l ater fel t that "Hodgk i n ' s  paragranul oma " ,  
meani ng a cond i ti on cl osely  rel ated to Hodg ki n ' s  granul oma , woul d  be 
a better name ( Jackson and Parke r ,  1947 ) . 
A nodu l ar vari ant of paragranul oma was descri bed by Rappaport , 
Wi nter and Hi cks ( 1956 ) , and was c l assi f i ed by Lukes and Butl er { 1 966 ) 
as "Hodgki n ' s  di sease , l ymphocytic  and hi sti ocyti c type , nodul ar " .  
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Because thi s nodul ar vari ant ful fi l l s  al l the morphol ogi cal cri teri a 
of the paragranul oma descri bed by Jackson and Parker ( 1947 ) ,  we have 
cal l ed it "nodul ar paragranul oma " ( Lennert and Mohri , 1974) . The most  
promi nent features of  nodul ar  paragran u l oma are a predomi nance of 
sma l l  l ymphocytes and a nodul ar  growth pattern .  In add i t i on , a speci al 
type of Sternberg-Reed cel l ,  the so cal l ed L and H type of Sternberg­
Reed eel 1 ( Lukes and Butl er , 1966 ) ,  i s  found in vari abl e numbers . 
I n  the Rye cl as si fi cati on of Hodgki n ' s  di sease ( Lukes et al . ,  
1966 ) ,  al l cases wi th l ymphocyti c predomi nance are col l ected together 
i n  one group.  Thi s  was the resul t of the pragmati c wi sh  to separate 
subtypes of Hodgki n ' s  d i sease wi th di fferent prognoses , rather than 
to describe di fferent entities . A l arge number of sma l l l ymphocytes 
pred i ct a comparati vely l ong surv i val , al though i t  i s  known that 
there i s  a change in subtype i n  some cases , whi ch then have a worse 
prognos i s  ( Lennert and Hi ppche n ,  1954 ; Lukes and Butl er ,  1966 ) . For 
thi s  reason , we use a more d i fferenti ated subc l assifi cation of cases 
wi th lymphocyti c predomi nance ( Lennert and 11ohri , 1974 ) . Bes i des no­
dular  paragranu l oma ( subtype I a ) , we di sti ngu i s h  di ffuse paragranul oma 
( l b ) , wh i ch i s  the di ffuse vari ant of paragranu l oma , and a thi rd 
group contai n i ng the other cases with l ymphocyti c predomi nance ( le )  
( s ome cases of this  subtype correspond to the s o  cal l ed cel l ul ar phase 
of the nodul ar sc l erosi s type of some authors ) .  The cases i n  the thi rd 
grou p show typ i cal Sternberg-Reed cel l s  or ,  occasional l y ,  some l acunar 
cel l s  and show more eosi nophi l s  and more pronounced fi brosi s than do 
typi cal cases of paragranul oma . Cases of Hodgki n ' s  di sease wi th onl y 
parti al l ymph node i nvol vement al so contai n many l ymphocytes , but , 
accordi ng to Lukes , shou l d  be cl assi fied as Hodgki n ' s  d i sease wi th 
mi xed cel l ul ari ty ( cf .  Lennert and Mohri , 1974 ) . 
In nonspeci f ic  lymphadeni ti s ,  one may fi nd l arge , sometimes abnor­
mal nodul es that have a stri k i ng resembl ance to the nodu les of nodu­
l ar paragranul oma . These have been cal l ed progressively  transformed 
germi nal centres ( Lennert and MUl l er-Hermel i n k ,  1975 ; MUl l er-Hermel i nk 
and Lennert , 1978) and were al so noted by one of us ( K . L . ) i n  l ymph 
nodes from pati ents wi th nodul ar paragranul oma that had been exci sed 
some years before nodul ar paragranul oma coul d be di agnosed on another 
lymph node bi opsy . 
In th is  pape r ,  we report on the hi sto l ogi cal characteri stics of 
nodul ar paragranul oma and progress i vely transformed germi nal centres , 
74 
the cytol ogy and cytochemi stry of L and H type Sternberg-Reed cel l s ,  
and the rel ationsh i p  between nodul ar paragranul oma and progress i vely  
transformed germi nal centres . 
Materi al s and methods 
Lymph nodes from 206 pati ents wi th nodul ar  paragranul oma and 20 pa­
ti ents wi th l ymphadeni ti s and progressi vely  transformed germi nal cen­
tres were exami ned . In 28 cases of nodul ar  paragranul oma more than 
one l ymph node bi opsy was avai l abl e for s tudy . Al l cases were drawn 
from the f i l es of the Lymph Node Reg i stry i n  Ki el . Onl y  pati ents who 
had not had therapy before bi opsy were i nc l uded . 
The l ymph nodes were routi nel y fi xed i n  formal i n  and embedded i n  
paraffi n .  Secti ons were s tai ned wi th Gi emsa , hematoxyl i n  and eosi n ,  
peri odi c aci d Schiff  ( PAS ) , and Gomori ' s  reti cul i n  stai n .  
I n  three cases o f  nodul ar paragranul oma , l ymph node i mpri nts were 
avai l ab le  for s tai n i ng wi th Pappenheim ,  aci d phosphatase , nonspeci f i c  
esterase , and PAS . 
Resul ts 
Hi stol ogy of nodul ar paragranul oma 
On l i ght mi croscopic  exami nati on , compl ete obl i terati on of the l ymph 
node archi tecture was usua l l y  found . In some cases , however , norma l 
reacti ve fol l i c l es were s ti l l  present i n  the peri phery of the node , 
bu t were sharpl y demarcated from the tumor ti ssue .  There were sma l l 
areas of d i ffu se .l ymphoi d ti s sue between the paragranu l oma nodu l es .  
The nodul ar character of the prol i feration was best recognized wi th 
reti cu l i n  sta i n i ng because of the compressi on of reti cul i n  fi bres i n  
the i n ternodu l ar areas { fi g .  lb ) .  The nodul es vari ed i n  s i ze ,  but were 
mostly l arge and oval { fig . la ) .  I n  some cases , part of the prol i fera­
tion had a di ffuse character . 
The predomi nant cel l s  were sma l l l ymphocytes . The nodul es nearl y  
a l ways had a "moth-eaten" appearance ( fig . 2 ) , however , as a resu l t  of 
the i n termi ngl i ng of hi sti ocyti c reti cul um cel l s ,  epi the l oi d  cel l s ,  
and so ca l l ed L and H type Sternberg-Reed cel l s .  The number of epi the­
l oi d  cel l s  vari ed , and i n  some cases these cel l s  were the mos t  conspi ­
cuou s type of cel l . Occas i onal l y ,  we cou l d  i denti fy reti cul um cel l s  
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F i g .  l a .  Nodu l a r  paragranu l oma w i t h G i emsa s ta 1 n 1 ng ,  Note t he l a rge 
ova l nod u l es w i th a predom i nance of sma l l  l ymphocy tes and a "moth­
ea ten" aspect  ( reduced to  x45) . b .  Nodu l a r  paragranu l oma w i t h  ret i ­
cu l i n  s ta i n i ng .  Same a rea s as a .  Note t he accentuat i on of t he nod u l a r  
pa t tern  and t he l a rge numbe r of vesse l s  and ret i cu l i n  f i bres i n  t he 
i n ternodu l a r a reas ( red uced to x45) . 
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F i g .  2 .  Nod u l a r  parag ranu l oma . Same case a s  f i g . 1 .  The moth-eaten 
a s pect appears to  be cau sed by the presence of ep i the l o i d  ce l l s and 
h i s t i ocyt i c  ret i cu l um ce l l s .  G i emsa , reduced to x280) . 
that fu l fi l l ed the cri ter i a  of dendr i ti c  reti cul um cel l s .  
The cel l u l ar compos i ti on of the nodul es often vari ed wi thi n the 
same l ymph node : nodul es consi sti ng a l most excl usi vely  of sma l l  l ym­
phocytes coul d be seen together wi th nodul es showi ng a l arge number of 
epi thel oid  cel l s .  Someti mes there were only a very sma l l  number of L 
and H type Sternberg-Reed cel l s ;  but they were usual l y  found wi th 
l i ttl e d i ffi cul ty ,  and i n  rare cases they were the most conspi cuous 
type of cel l i n  some nodul es { fi g . 3 ) .  
The compressed i nternodul ar areas contai ned epi thel o id  venu l es wi th 
a l arge number of sma l l l ymphocytes i n  the l umen and vascul ar wal l .  A 
very sma l l  number of pl asma cel l s  were usual l y  found i n  i nternodul ar 
areas . Eosi noph i l  l eucocytes were characteri sti cal l y  scarce or absen t .  
I n  2 1  cases , we found groups o f  epi the l oi d  cel l s  i n  i nternodu lar  areas ; 
they were usual l y  arranged i n  a c i rcul ar  pattern around the nodul es 
{ fi g .  4 ) .  Three cases showed epi thel o id  cel l granu l omas . Aci d-fast 
mycobacteri a were demonstrabl e in  one of these cases . 
Cytol ogy of nodul ar paragranul oma 
L and H type Sternberg-Reed cel l s  may be descri bed as l arge cel l s  
wi th l obated nuc l ei and med i um-si zed nuc l eol i ,  whi ch appear rel atively 
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F i g .  3 .  Nodu l e  i n  nodu l a r  pa rag ranu l oma w i th a l a rge number of L and 
H type S ternbe rg-Reed ce l l s .  Th i s  m i g h t  be a t rans i t i ona l s tage be­
tween nod u l a r  pa ragranu l oma and so ca l l ed Hodg k i n ' s  sarcoma . G i emsa , 
redu ced to x 1 1 0 .  
sma l l  when compared wi th the nuc l eol i of typi cal Sternberg-Reed cel l s  
( fi g .  Sa ) .  Some L and H type Sternberg-Reed cel l s  are mu l ti nucl eate 
and have g i ant nuc l eol i ,  however , and cannot be cl early d i fferenti ated 
from typical  Sternberg-Reed cel l s  ( fi g .  Sb ) .  The cytopl asm of L and H 
type Sternberg-Reed cel l s  i s  rel ati vely sparse .  I n  G iemsa-sta i ned 
secti ons or Pappenhei m-sta i ned lymph node impri nts , i t  i s  moderately 
or strong ly basophi l i c ,  whereas the cytopl asm of typi cal Sternberg­
Reed cel l s  i s  often only s l i ghtly basophi l i c  and that of l acunar cel l s  
i s  abu ndant and very weakly stai ned . There may be a consi derable  num­
ber of mi totic fi gures i n  the L and H type Sternberg-Reed cel l s . I n­
ternodu l ar areas do not conta i n  any Sternberg-Reed cel l s .  
Apart from L and H type Sternberg-Reed cel l s ,  one may a l so f ind 
smal l er ,  basophi l i c bl ast cel l s  wi th one or more nucl eol i .  These cel l s  
appear to be vari ants of immunobl asts . 
The hi sti ocytic reticul um cel l s  i n  the nodul es are l arge cel l s  with 
pl ump , moderately l ong processes that extend between the surround i ng 
cel l s .  Sometimes , however , the hi sti ocyti c ret i cu l um cel l s  have a 
rounded contour . Many hi sti ocyti c reti cul um cel l s  exh i b i t  phagocytic 
acti v i ty .  
The epi thel oid cel l s  have a n  oval o r  round nuc l eus , whi ch  often has 
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F i g .  4 a .  Nodu l a r pa rag ranu l oma wi t h  g roups of ep i the l o i d  ce l l s  i n  
i n te r nodu l a r  a reas , a r ranged i n  a c i rcu l a r  pat te r n  a round the nodu l es .  
G i emsa , reduced to x45 . b .  H i g he r  magn i f i ca t i on of the g roups of ep i ­
the l o i d  ce l l s .  Same case a s  a .  G i emsa , reduced t o  x280 . 
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F i g .  Sa . L and H type S ternberg -Reed ce l l wi t h  a l a rge l o bated nuc l eu s  
and re l a t i ve l y  s parse basoph i l i c cytop l as , .  b .  A b i nuc l eate L and H 
ce l l s i m i l a r  to a Sternberg-Reed ce l l  but  w i th  sma l l e r nuc l eo l i and 
l ess  cytop l asm .  a. and b .  G i emsa , reduced to x700 . 
an eccentric  l oca l i zati on .  Thei r  cytopl asm i s  weakly  stai ned w i th 
hematoxyl i n  and eos i n  and oxyphi l i c  wi th Gi emsa stai ni ng .  A paranu­
cl ear area can often be di scerned ; it shows a pos i ti ve PAS reaction . 
Dendriti c reti cu lum cel l s ,  whi ch are spec i fi c  to B-cel l reg i ons , 
are d i ffi cul t to recog ni ze on l i ght microscopy . The ir  nuc le i  are 
el ongated , i rreg u l arly cornered , or angu l ar . The nucl ear membrane i s  
c l early defi ned . The nuc l eus conta i ns one med i um-si zed , s l i ghtly baso­
phi l i c nuc l eol us . Cytopl asm i s  sparse and very weakl y stai ned . The 
l ong cytopl asmi c processes of dendritic  reti cul um cel l s  ev i dent on 
el ectron mi croscopy cannot be made out on l i ght mi croscopy . 
Enzyme cytochemi stry of nodul ar paragranul oma 
Aci d  phosphatase sta i ni ng of lymph node impri nts reveal ed that L 
and H type Sternberg -Reed cel l s  conta i n  onl y a few , or no ,  posi ti vely 
stai ni ng granu les .  The nonspecific  estera se reacti on was compl etely 
negati ve in  these cel l s .  Hi sti ocyti c reticul um cel l s  d i spl ayed strong 
reacti v i ty for ac i d  phosphatase and nonspec i fi c  esterase .  The reac­
ti ons vari ed from weakly to strong ly pos i ti ve i n  epi the l o i d  cel l s .  
The basophi l i c  i mmunobl ast-l i ke cel l s  were negati ve for both acid  
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phosphatase and nonspec i f i c  esterase . Wi th acid  phosphatase stai ni ng , 
many smal l l ymphocytes were negative , but many others showed several 
sma l l i ntracytopl asmi c granu l es of ac id  phosphatase acti v i ty ;  only a 
few contai ned a d i sti nct granul e ,  as woul d be expected i n  T l ympho­
cytes . Wi th nonspec i fi c  esterase stai n i ng , on the other hand , the 
smal l l ymphocytes d i s p l ayed a di sti nct granul e .  
Sequenti al bi opsy studi es of nodul ar paragranul oma 
More than one l ymph node bi opsy was obtai ned from 28 pati ents . I n  
fi ve cases , the l ymph nodes were removed from di fferent reg i ons at  
the same time.  In  the other 23 cases , the nodes were removed at d i f­
ferent ti mes , wi th per i ods  of up to 10  years between the b i ops i es . 
I n  21 cases , nodul ar paragranul oma was found i n  a l l bi opsi es , wi th 
a remarkabl e pers i stence of the hi stol ogi ca l  p icture . Lymphocyti c  
depl eti on was observed i n  second bi opsi es from two pati ents . One of 
these nodes was removed after therapy for the pred i agnosed paragranu­
l oma . In the other case , the second bi opsy was obtai ned one year after 
remova l  of a l ymph node s howi ng nodul ar paragranu l oma from the pa­
ti ent ' s  ri ght axi l l a .  The pati ent was not treated , and the second 
b i opsy , taken one year l ater from the ri ght axi l l a ,  showed the p ic­
ture of  l ymphocyti c depl eti on that has  been descri bed as "Hodgki n ' s  
sarcoma" ( fi g . 6 ) . 
I n  f i ve cases , d i fferent l ymph nodes reveal ed ei ther nod u l ar para­
granul oma or nonspeci f i c  lymphaden i ti s  wi th progress ively transformed 
germi nal centres . I n  three of these cases , the nodes wi th progress i ve­
ly transformed germinal  centres were removed after the d i ag nos i s  of 
nodul ar paragranu l oma , i n  one case before thi s  d i agnos i s ,  a nd i n  the 
fi fth case both before and after the bi opsy showi ng nodul ar paragranu­
l oma . The lymph nodes wi th nonspeci f ic  lymphadeni ti s  a nd progressi vely 
transformed germi nal centres were removed from these f i ve pati ents 
because of consi derabl e l ymphadenopathy . Bri ef case reports on the 
pati ents are g i ven i n  the fol l owi ng secti on .  
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F i g .  6 .  G i emsa-s ta i ned sect i on f rom so ca l l ed Hod gk i n ' s  sa rcoma , wh i ch 
deve l oped one yea r after  b i op sy of a l ymph node s how i ng nodu l a r  pa ra­
g ranu l oma at t he same s i te .  Note the monomorph i c  pro l i fera t i on of 
i mmunob l a s t- l i ke ce l l s w i t h  l a rge nuc l eo l i and sparse ba soph i l i c cyto­
p l asm ( reduced to x450) . 
Case reports 
Case 1 
W . R . , mal e ,  born i n  1957 . 
1963 : Enl ar.gement of l eft and ri ght axi. l l ary l ymph nodes . 
5i agnos i s :  nodu l ar paragranuloma i n  one axi l l a ,  fol l i cu lar  
hyperpl as i a  wi th progressi vel y transformed germi nal centres 
i n  the oth�r axi l l a . 
1973 : !;:nl arg�ment of r.ight  cervi cal  l ymph nodes . 
Di agnos i s : fol l i cul ar hyperpl as ia  wi th progres si vely trans­
formed germinal  centres . 
Case 2 
W . C . , mal e ,  born i n  1943 . 
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1 946 : Enl argement of axi l l ary and cerv i cal  lymph nodes . No bi opsy . 
Radi ation therapy . 
1955 : Agai n ,  enl argement of axi l l ary and cervical  lymph nodes and 
radi ati on therapy . 
1966 : Bi opsy of enl arged lymph node behi nd right ear .  
Di agnos i s :  fo l l i cu l ar hyperpl as i a  wi th progress i vely transfor­
med germi nal centres . 
1971 : B i opsy of l arge l ymph nodes from l eft axi l l a .  
Di agnosi s :  nodul ar  paragranul oma wi th some d i ffuse areas . 
1974 :  Bi opsy of l arge l ymph node from right axi l l a .  
Di agnos i s :  nodul ar  paragranul oma wi th same hi stol ogy as i n  
1971 . 
1976 : Bi opsy of lymph nodes from ri ght ax i l l a .  
Di agnos i s :  nodul ar paragranul oma i n  one node and fol l i cu l a r  
hyperpl asi a wi th progress i vel y transformed germi nal centres 
i n  the other node .  
1976 : Spl enectomy and b iopsy o f  mesenteri c lymph nodes and l i ver .  
Di agnos i s :  nodul ar paragranul oma in  the  spl een , nonspecifi c 
lymphadeni ti s i n  the mesenteri c lymph nodes , and normal l i ver 
hi sto l ogy.  
Case 3 
L . P . , mal e ,  born i n  1956 . 
1977 : Bi opsy of enl arged cerv i cal l ymph node .  
Di agnos i s :  fol l i cu l a r  hyperpl as i a  wi th progress ively  trans­
formed germi nal centres and groups of epi thel oid  cel l s .  
1978: Biopsy of another enl arged cervi cal lymph node .  
Di agnos i s :  nodul ar  paragranul oma . 
Case 4 
E . M . , fema l e ,  born i n  1945 .  
1973 : Bi opsy of submand i bul ar  l ymph node.  
Di agnos i s :  nodul ar paragranul oma . 
1 977 : Bi opsy of enl arged axi l l ary l ymph node . 
Di agnos i s :  fol l i cu l a r  hyperpl a s i a  wi th progressi vely trans­
formed germi nal centres . 
Case 5 
H . P . , mal e ,  born i n  1 940 . 
1974:  Bi opsy of a retroperi toneal tumor mas s . 
Di agnos i s :  nodul ar  paragranul oma . 
1976 : Bi opsy of r ight axi l l ary lymph node.  
Di agnos i s :  fol l i cu l a r  hyperpl asi a  wi th a few progress i vely 
transformed germi nal centres . 
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Hi stol ogy of progressi vely transformed germi nal centres 
The progress i vely transformed germi nal centres found i n  nonspecifi c 
l ymphadeni ti s were characteri zed by thei r l arge si ze and h igh  content 
of smal l lymphocytes when compared wi th primary and secondary fol l i ­
cl es ( fi g .  7a ) .  Some centrob l a s ts , centrocytes , and dend ri ti c reti cu­
l um cel l s  were found among the sma l l  l ymphocytes ( fi g .  7b ) and were 
sometimes arranged i n  smal l cl usters . There was a vari ety of trans i ­
ti onal forms between hyperpl asti c secondary fol l i c les and progress i ­
vely transformed germi nal  centres . A few resi dual starry s ky macropha­
ges wi th phagocytosed lymphocytes were found i n  some progress i vel y 
transformed germi nal centres .  I n  nodu l a r  paragranul oma , there were 
often nodul es that d i d  not conta i n any Sternberg-Reed cel l s ,  and such 
nodul es were , i n  fact ,  ful l y comparabl e to progress ivel y  transformed 
germi nal centres . We found epi thel oi d cel l s  i n  progress i vely trans­
formed germi nal centres , a l though they were not very common .  Groups 
of epi thel o i d  cel l s  were sometimes seen , however , around the progres ­
si vely transformed germi nal centres . The i nterfol l i cu l ar areas di d 
not appea r to be i nvol ved and conta i ned typi cal el ements ( epi thel o i d  
venu l es , many l ymphocytes , and a few reti cul um cel l s ) .  
Di scussi on 
Nodul ar paragranul oma has some characteri stics  that make i t  qu i te 
di fferent from other subtypes of Hodg ki n ' s  di sease . One of these fea­
tures i s  the apparent l ocal i zati on of the neopl asm i n  B-cel l regi ons , 
whi ch may be concl uded from the presence of dendri t i c  reti cul um cel l s  
i n  the nodul es of paragranu l oma . The presence of dendri ti c reti cul um 
cel l s  can be suspected on l i ght mi croscopy and has been proved by 
el ectron mi croscopy ( Lennert,  Kai serl i ng and MUl l er-Hermel i nk ,  1978; 
Poppema , Kai serl i ng and Lennert , 1 979b ) .  Dendri t i c  reti cul um cel l s  
are normal ly  found i n  lymph fol l i c l es and adj acent B reg i ons and are 
mos t obv i ous i n  germi na l centres . They have a l so been found i n  germi ­
nal centre cel l lymphomas , e . g . , centrobl asti c/centrocyti c lymphoma 
( Lennert and Ni edorf , 1969 )  and centrocyti c lymphoma ( Ka i serl i ng ,  
1977 ) .  
Another characteri sti c of nodul ar paragranul oma i s  the presence of 
so ca l l ed L and H type Sternberg -Reed cel l s .  These cel l s  have sparse 
basophi l i c  cytopl asm and might be i nterpretabl e as vari ants of immuno­
bl asts on morphol ogi cal grounds . The basophi l i a  of thei r cytopl asm 
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F i g .  7 . P rog res s i ve l y  t rans formed germ i na l  cent re i n  a reac t i ve l ymph 
node .  Compa re th i s  w i th the sma l l seconda ry fo l l i c l e  on the l ef t  of a .  
I n  b ,  the prog res s i ve l y  t rans formed germ i na l  cen t re cons i s t s  ch i e f l y  
o f  sma l l l ymphocytes and o f  a few cen t rocytes and cent rob l as t s  
( a r rows ) . Same case as  f i g u res  1 and 2 .  a Ret i cu l um s ta i n ,  reduced to 
x45 . b Hematoxy l i n  and eos i n ,  reduced to x700 .  
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can be eval uated only i n  ui emsa-stai ned secti ons and Pappenheim-stai ­
ned lymph node i mpri nts . For thi s  reason , other i nvesti gators have 
not a lways noti ced thi s cha racteri sti c .  Wi th hematoxyl i n  and eos i n  
sta i n i ng , some o f  the l arger cel l s  w i th g i ant nucl eol i cannot be d i s­
ti ngu i shed from typi cal Sternberg-Reed cel l s .  The resu l ts of our u l ­
trastructural and i mmunohi stol og i cal  stud i es ,  wh i ch wi l l  be reported 
separately ( Poppema et al . ,  1979b ) , are i n  accordance wi th the concept 
that L and H type Sternberg-Reed cel l s  are vari ants of i nmunobl asts . 
A th i rd argument for the spec i a l  nature of nodul ar paragranul oma i s  
the morphol ogi cal resembl ance between the nod u l es of thi s  s ubtype of 
Hodgki n ' s  d i sease wi th l ymphocyti c predomi nance and progres s i vely  
transformed germi nal centres . Moreover,  we found progress i vely trans­
formed germi nal  centres in lymph nodes from five pati ents who showed 
nodu lar  paragranu l oma i n  other l ymph nodes . 
The fi ndi ng of reacti ve fol l i cl es , progres s i vely transformed germi ­
nal centres , and paragranu l oma nodu l es i n  a s i ng l e  lymph node suggests 
a transi t i on from fol l i cu l ar hyperp l a s i a ,  through a stage of progres­
s i ve transformati on ,  to a neopl asti c paragranu l oma nodul e .  I n  l ymph 
nodes with nodul ar paragranul oma , there a l s o  appear to be transi ti ons 
from nodules with many lymphocytes to those wi th many epi thel o i d  cel l s  
and/or wi th a l arge number of L and H type Sternberg-Reed cel l s . 
The exi stence of cases that show a partly nodul ar and partly di f­
fuse growth pattern makes it l i kely that di ffuse paragranul oma i s  
h i ghly rel ated to nodul ar paragranu l oma . The fi ndi ng of the same cel l u ­
lar  compos i ti on i n  nod u l a r  and di ffuse paragranu l oma i s  another argu­
ment in favou r of the rel ati onsh i p  between them ( Lennert and Mohri , 
1974 ) .  
I n  our sequenti al  bi opsy study , the hi stol ogi cal  pi cture was remar­
kably constant and there were no trans i t i ons from nodu l ar to di ffuse 
paragranul oma . That does not excl ude the pos si bi l i ty of such a tran­
s i ti on ,  however , s i nce we general l y  exami ned newly enl a rged lymph 
nodes . None of the cases we studi ed showed a change from nodu l ar para­
granu l oma to the mi xed cel l u l ari ty or nod u l a r  scl eros i s  type ; such 
changes have been reported for cases wi th lymphocyti c predomi nance i n  
general ( Jackson and Pa rker , 1947 ; Lennert and Hi ppchen , 1954; Lukes 
and Butl er,  1966 ) .  Thi s i s  another strong argument favouri ng the v i ew 
that nodu lar  paragranul oma i s  a separate entity .  
Only two cases i n  our seri es showed a change i n  subtype , namel y ,  a 
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trans i ti on to the l ymphocyti c depl eti on subtype . I n  one pati ent , the 
devel opment of l ymphocyti c depl eti on was probably therapy-i nduced . The 
other pati ent had recei ved no therapy other than l ocal exci s i on of the 
l ymph node . The cytol ogy of the tumor cel l s  i n  the l atter case ( fi g .  
6 )  was compati b l e  w i th immunob l ast ic  l ymphoma , and i t  i s  not unl i kely  
that thi s tumor devel oped from nodu l es w i th a l arge number of  L and H 
type Sternberg-Reed cel l s ,  as seen i n  a few other cases ( fi g .  3 ) .  
The si gni fi cance of hi st iocyt i c  reti cul um cel l s  and of the some­
times l arge number of epi thel o i d  cel l s  i s  uncl ear.  The starry-sky ma­
crophages seen i n  reacti ve germi nal centres are mi s s i ng i n  nodul ar  
paragranul oma . The g roups of epi the l o i d  cel l s  found around the nodules  
in  about 10% of  our cases m ight l ead one to  s uspect tubercul os i s ,  
toxopl asmos i s ,  or sarcoi dos i s .  The cause of the epi thel o i d  cel l reac­
t i on i s  sti l l  unknown . I n  one case , however , i t  was pos s i b l e  to prove 
tubercul os i s  by the morphol ogi cal demonstrati on of mycobacteri a .  I t  i s  
a l so not cl ear whi ch cel l s  show the rec i rcul ati on concl uded from the 
presence of lymphocytes i n  the l umen and vascu l ar wal l of the epi the­
l oi d  venu l es i n  i nternodul ar areas . I t  i s  known from the l i terature 
that such cel l s  are usual l y  T l ymphocytes ; but B-cel l s  al so  reach the 
lymphoi d ti s sue through epi thel oi d venul es ( Kotani et al . ,  1974 ) .  
As expected from the presence of dendri ti c reti cul um cel l s  i n  the 
nodul es of paragranul oma , one of us ( S . P . , cf.  Poppema et al . ,  197 7 )  
was abl e to prove that a l arge number o f  the l ymphocytes l ocal i zed i n  
the nodul es of Hodg ki n ' s  di sease wi th l ymphocyti c predomi nance ex­
press compl ement receptors and surface i mmunog l obu l i n .  These l ympho­
cytes were of polycl onal ori g i n  ( Poppema and El ema , i n  preparati on ) .  
I t  i s  cl ear from these fi ndi ng s  that nod u l ar paragranul oma i s  a l ym­
phoma l ocal i zed i n  B-cel l area s .  Together wi th the resu l ts of our 
epi demi ol ogi ca l  study ( Poppema , Kai serl i ng and Lennert , 1979a ) , that 
i s  another strong argument favouri ng the v i ew that nodul a r  paragranu­
l oma , and perhaps d i ffuse paragranul oma , i s  an enti ty compl etely  
di fferent from al l other s ubtypes of  Hodgk i n ' s  di sease . 
The accumu l ation of a l arge number of pol ycl onal B l ymphocytes i n  
both progress i vely transformed germi na l  centres and the nodules  of 
paragranul oma i s  an i nteresti ng probl em . Si nce mi toti c fi g u res are 
not found i n  l a rge numbers , an i ncreased fl ux of lymphocytes i s  more 
l i kel y than l ocal prol i ferati on . The pos s i bi l i ty that the lymphocytes 
represent a host reaction agai nst tumor cel l s  was suggested l ong ago 
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( Lukes and Butl er , 1966 ) .  Another poss i bi l i ty i s  that the lymphocytes 
are part of an i neffecti ve reaction aga i nst  certai n anti gens : the 
l ympho id  system of some pati ents mi ght react wi th the formati o n  of 
progressi vely transformed germi nal  centres ; prol onged stimu lat ion and 
s uppres s i on woul d  resul t i n  "neopl asti c" transformati on of some of the 
lymphocytes .  Such an abnormal immune reacti on wou l d  expl a i n  the ab­
sence of normal germinal centre bl ast transformation and the sma l l 
number of pl asma cel l s  i n  nodul ar paragranul oma . 
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Chapter V I .  
EPI DEM IOLOGY OF NODULAR PARAGRANULOMA ( HODGKIN ' S  D I SEASE WITH LYMPHO­
CYTIC PREDOMINANCE , NODULAR ) .  
S .  Poppema , E .  Ka i serl i ng ,  K .  Lennert . 
Cancer Research and Clinical Oncology 
Abs tract 
The age and sex di stri buti on and the l oca l i zati on of exci sed lymph 
nodes from 206 pati ents wi th a nodu l a r  vari ant of Hodgki n ' s  di sease 
wi th lymphocyti c predomi nance , cal l ed " nodu l ar paragranul oma " ,  are 
presented and compared wi th data on other types of Hodgk i n ' s  di sease . 
The age curve of nodul ar paragranul oma showed a peak i n  the fourth 
decade , whi ch was cl earl y sepa rated from the peak i n  the thi rd decade 
exh i bi ted by the nodu lar  scl eros i s  type of Hodg ki n ' s  di sease and from 
the peak i n  the s i xth and seventh decades of the mi xed cel l u l ari ty 
type . The peak i n  the age curve of nodul ar paragranul oma resu l ted from 
the h i g h  frequency i n  men i n  the fourth decade ; the femal e  age curve 
had no peaks . The overal l mal e-to-femal e rati o was 2 . 4 : 1 .  The age and 
sex di stri buti on of d i ffuse paragranul oma was nearly i denti cal to that 
of nodu lar  paragranu l oma , whereas the age and sex di stri buti on of 
cases of the lymphocyti c  predomi nance type other than paragranu l oma 
resembl ed that of the mi xed cel l ul ari ty type . These data i ndi cate that 
the lymphocyti c predomi nance type of Hodgki n ' s  di sease i s  not a u n i ­
form group and su pport the vi ew that paragranu l oma i s  a separate enti ­
ty . 
Introdu cti on 
In thei r stud ies on fol l i cu l a r  lymphoma , Rappaport et al . ( 1956 ) 
descri bed a vari ant of Hodgki n ' s  di sease wi th a nodul ar growth pat­
tern. It was des i gnated by Lukes and Butl er ( 1966 )  as " Hodgk i n ' s  
di sease , lymphocyti c and hi sti ocyti c type , nodu lar " . After the Rye 
conference , th i s  subtype of Hodg ki n ' s  d i sease ceased to exi st i n  the 
nomenc l ature , because the nodul ar and d i ffuse subtypes of the lympho­
cyti c and hi sti ocyti c type di st ingui shed by Lukes and Butl er were com­
bi ned i nto the lymphocyti c predomi nance type ( Lukes et al . ,  1 966 ) . 
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Thus , there i s  hardly any recent l i terature on the nodu l a r  variant.  
One of us  ( K . L . ) has a l ready poi nted out several times ( Lennert 
and Mohri , 1974; Lennert et al . ,  1978) that thi s  nodul ar subtype of 
Hodgk i n ' s di sease i s  a speci al  enti ty , and i s  convi nced that i t  i s  a 
vari ant of the paragranu l oma descri bed by Jackson and Parker ( 1947 ) . 
Si nce , i n  our opi n i on ,  the term "Hodgki n ' s  di sease wi th lymphocyti c  
predomi nance" covers more than the cases of paragranul oma ( Lennert and 
Hi ppchen , 1954 ) , we have di fferenti ated four s ubtypes of Hodgki n ' s  
d i sease wi th a high  content of l ymphocytes i n  our col l ecti on of cases 
( Lennert and Mohri , 1974 ) : nodul ar  paragranul oma ( subtype I a ) ,  di ffuse 
paragranu l oma ( l b ) , l ymphocyti c predomi nance other than paragranu l oma 
( l e ) , and parti al  i nvol vement by Hodgki n ' s  di sease ( I d ) .  The fourth 
subtype shows numerous l ymphocytes i n  the noni nfi l trated res i dual 
l ymphoid  t issue .  Accordi ng to the practi ce of Lukes ( personal comnuni ­
cati on )  i t  shoul d defi n i tely be i ncl uded i n  the mi xed cel l ul ari ty type 
of Hodgki n ' s  di sease . The thi rd subtype a l so actua l l y  bel ongs i n  the 
group of cases wi th mi xed cel l ul ari ty ,  s i nce i t  does not ful fi l l  the 
cri teri a of paragranul oma descri bed by Jackson and Parker ( 1947 ) .  Cases 
of the thi rd subtype s how , for i nstance , a l arger number of eosi no­
phi l s  and more pronounced fi bros i s than do typi cal cases of paragranu­
l oma . The thi rd subtype a l so contai ns typi ca l  Sternberg-Reed cel l s  
wi th g i ant nucl eol i .  Al though we agree that the number of l ymphocytes 
i s  the essenti al hi stol ogi c  parameter for the prognos i s  of Hodgki n ' s  
di sease ( Lennert and Hi ppchen , 1954 ) we sti l l  consi der the separati on 
of paragranul oma as an enti ty to be j usti fi abl e .  Thus , we conti nue to 
use the term " paragra nu l oma " and di sti ngu i sh between a nodul ar a nd a 
d iffuse vari ant .  The present paper covers the nodul ar vari ant.  
The most promi nent morpho l og i c  features of nodul a r  paragranul oma are 
a predomi nance of smal l l ymphocytes and a nodul ar  growth pattern 
( Lennert and Mohri , 1974 ) .  In add i t i on ,  a speci al type of Sternberg­
Reed cel l , the so cal l ed L & H type of Sternberg-Reed cel l ( Lu kes and 
Butl er,  1966 ) ,  i s  found i n  vari abl e numbers . Epi thel o i d  cel l s  are often 
seen i n  the nodul es ,  ei ther al one or i n  smal l cl usters , and occasi o­
nal l y  there are epi thel oi d cel l granul omas around the nodul es . The no­
du l es al so conta i n  dendri ti c reti cul um cel l s ,  whi ch are typi cal of B-cel l  
areas ( Lennert et al . ,  1978 ) . 
I n  the present paper,  we report on our i nvesti gati on of cases 
col l ected at the Lymph Node Reg i stry in Ki el for the age and sex 
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di stri buti on and l ocal i zati on of nodu l ar paragranul oma , and compare 
the resu l ts wi th data on other types of Hodgki n ' s  di sease . The Lymph 
Node Regi stry recei ves d iffi cul t  cases from pathol ogi s ts outs i de Kiel ; 
but i t  a l so d raws materal from the routi ne cases exami ned at the 
Institute of Pathol ogy . Thus , the co l l ection at the Lymph Node Reg i s­
try i s  a mi xture of consul ti ve and routi ne cases . Thi s  l imi ts an eva­
l uation of the i ncidence of a parti cul ar type of lymphoma , but i t  
a l l ows a n  analys i s  of the parameters ( age and sex d i s tri buti on and 
l ocal i zati on ) consi dered in the present study .  The morphol ogy ,  cyto­
chemi stry ,  ul trastructure , immunohi s to l ogy , and ori g i n  of nodul ar pa­
ragranul oma wi l l  be di scussed el sewhere ( Poppema et al . ,  in pres s ;  
Poppema e t  al . ,  i n  preparati on ) .  
Materi al  and methods 
206 cases of nodul ar paragranul oma were drawn from the fi les of the 
Lymph Node Regi stry i n  Kiel . Paraffi n secti ons from a l l cases were re­
v iewed .  More than one lymph node bi opsy was avai l abl e for exami nati on 
i n  28 cases . The age and sex of the pati ent and the l ocal i zati on of 
the exci sed lymph node were reg i s tered i n  a l l cases . Pati ents who had 
recei ved therapy before bi opsy were not i ncl uded i n  this  study. 
Resul ts 
The frequency of nodul ar paragranul oma among the cases col l ected at 
the Lymph Node Reg i s try was 8 . 4% of al l cases of Hodgki n ' s  di sease , 
whi ch i s  much hi gher than the 2 . 7% found among routi ne b iops i es 
( Lennert and Mohri , 1974 ) .  Di ffuse paragranul oma a l s o  showed a h igh 
frequency ( 5% )  i n  the Regi stry col l ect ion compared wi th routi ne bi op­
s i es ( 1 . 8% ) . The other types of Hodgki n ' s  di sease were about equal l y  
represented i n  the Regi stry and routi ne bi opsy seri es , wi th the excep­
ti on of the nodul ar scl eros i s  type , whi ch was somewhat more frequent 
among rout i ne b iops i es ( Lennert and Mohri , 1974 ) . 
I n  the seri es stud i ed here , 146 pati ents were ma l e  and 60 were fe­
mal e ,  g i vi ng a ma l e-to-femal e  ratio  of 2 . 4 : 1 .  A s imi l ar mal e predo­
mi nance i s  found i n  al l subtypes of lymphocytic  predomi nance and i n  
cases wi th mi xed cel l u l a ri ty .  I n  contrast ,  the nodul ar scl eros i s  and 
lymphocytic  depletion types of Hodgk i n ' s  di sease show about equal 
numbers of ma l e  and femal e  pati ents ( Table  1 ) .  
The age curve of nodul ar paragranul oma shows a peak i n  the fourth 
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Tabl e 1 .  Frequency of nodul a r  paragranul oma ( I a ) ,  d i ffuse paragranu l o­
ma ( I b ) , cases wi th lymphocyti c  predomi nance other than para­
granul oma ( Ic ) , nodu lar  scl eros i s  ( I I ) ,  mi xed cel l u l arity 
( 1 1 1 ) ,  and l ymphocyti c  depl etion ( I V )  among a seri es of 
Regi s try cases and a seri es of routi ne cases of Hodgki n ' s  
d i sease , a nd the sex rati o for a l l  cases of each type . 
Reg i stry cases Routine cases Sex rati o 
( n  = 1 181 ) ( n  = 560 ) 0 : � 
( % )  ( % )  ( % )  
I a  8 . 4  2 . 7  7 1  29 
l b  5 . 0  1 . 8 70 30 
l e  9 . 8  10 . 7  7 1  29 
I I  3 3 . 7  39 . 5 48 52 
I I  I 32 . 9  33 . 2  69  31  
IV 1 0 . 2  1 2 . 1  50 50 
Modi fied data from Lennert and Mohri ( 1974 ) .  
decade ( fi g .  1 ) .  When mal e  and femal e  pati ents are con s i dered separate­
l y ,  i t  i s  obvi ous that the peak i s  a resu l t of the h i gh frequency i n  
men between the ages of 3 0  and 40 years . The number of femal e  pati ents 
i s  about the same i n  a l l  age g roups . The mal e-to-fema l e  rati o i n  the 
fourth decade i s  4 . 6 : 1 .  The greatest di fference i s  found between thi s  
rat i o  and that of the nodul ar  sclerosi s  type , i n  whi ch we cal cu l ated 
a mal e-to-fema l e  rati o of 0 . 75 : 1 i n  the thi rd decade for the cases at 
the Lymph Node Reg i stry .  
A compa ri son of the age curves of nodu l a r  paragranul oma ( Ia ) , d i f­
fuse paragranul oma ( l b ) , and cases wi th l ymphocyti c predomi nance other 
than paragranul oma ( I c )  reveal s very simi l ar curves for nodul ar para­
granul oma and di ffuse paragranul oma ( peak in the fourth decade ) , but 
a di fferent pattern for the th i rd s ubtype :  a majori ty of the pati ents 
wi th the l atter subtype were o l der than 40 years ( fi g .  2 ) . 
A compa ri son of the age curve of nodul ar  paragranul oma ( I a )  wi th 
that of the nodul ar scl eros i s  ( I I )  and mi xed cel l ul ari ty types ( I I I }  
demonstrates cl ear di fferences . I n  contrast to the fourth decade peak 
of nodul ar paragranu l oma , nodul ar scl eros i s  s hows the h ighest frequen­
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F i g . 1 .  Age and sex d i s t r i bu t i on of 206 cases of nodu l a r  paragranu l oma , 
d i agnosed a t  the Lymph Node Reg i s t ry i n  K i e l . 
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F i g .  2 .  Age d i s t r i bu t i on of nodu l a r  parag ranu l oma (N P ,  n = 2 06) ,  d i ffuse 
pa rag ranu l oma ( DP , n = 59) , and Hodgk i n ' s  d i sease w i t h  l ymphocyt i c  pre­
dom i nance other t han pa rag ranu l oma (other  LP , n = 1 1 6 ) , co l l ected at 
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F i g .  3 .  Age d i st r i bu t i on of nodu l a r  pa rag ranu l oma ( NP , n = 206) , and 
the nodu l a r  sc l e ros i s  ( N S , n = 398) and m i xed cel l u l a r i t y  ( MC , n 
293 )  types of Hodg k i n ' s  d i sease ,  i n  the se r i es of the Lymph Node 
Reg i stry  i n  K i e l . 
pattern , wi th one peak i n  the thi rd decade and another i n  the s i xth 
and seventh decades { fi g .  3 ) .  
The chi ef l ocal i zati ons of the lymph nodes removed from pati ents 
with nodu l a r  paragranul oma are shown i n  Tabl e 2 .  The percentages found 
i n  the l arge series studi ed here are comparabl e to those reported by 
Lennert and Mohri i n  1974 . The data reveal that cervi cal lymph nodes 
are removed most often from pati ents wi th nodu lar  paragranu l oma ;  but 
there was a remarkably l arge number of axi l l ary lymph node bi ops i es 
and a smal l er ,  but comparati vely l arge number of i ngui nal lymph node 
biops i es i n  both series . Loca l i zati on i n  the abdomen or thorax , on the 
other hand , appears to be very rare . Another notable  di fference i n  
l oca l i zation between nodul ar paragra nul oma and other subtypes of 
Hodgki n ' s  di sease was the much hi gher percentage of cerv i ca l  l ymph 
nodes removed from pati ents wi th di ffuse paragranul oma . 
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Tabl e  2 .  Loca l i zati on of lymph node bi ops i es from 206 cases of nodul ar 
paragranu1 oma ( I a 1979)  i n  compari son wi th the fi ndi ngs of 
Lennert and Mohri ( 1974) i n  nodul ar paragranu1 oma ( Ia ,  n = 
99) , di ffuse paragranu1 oma { l b ,  n = 59 ) , and Hodgki n ' s  di -
sease wi th nodul ar scl eros i s  ( I I I ,  n = 398 ) , mi xed ce1 1 u l a-
rity ( I I I ,  n 293 ) ,  and 1ymphocytic depl eti on ( IV ,  n = 121 ) . 
Loca l i zati on Ia  1974 
1979 
( % )  I a  lb  I I I I  I IV 
( % )  { % )  { % )  ( % )  ( % )  
Cervi ca l  4 2  44 . 7  7 1 .  2 7 0 . 6  59 . 0  47 . 6  
Axi l l ary 33  31 . 8  1 1 .  5 1 1 . 4  16 . 8  2 1 . 4  
I nguinal  17  18 . 8  1 1 . 5  4 . 6  14 . 3 22 . 3  
Abdominal 3 3 . 5  1 .  9 2 . 6  4 . 5  1 . 9  
Medi astinal 2 9 . 7  4 . 5  6 . 8  
Other 3 1 . 2  3 . 8  1 . 1  0 . 8  
Di scuss ion 
"Nodu l a r  paragranu 1 oma" made up 6 . 1% of the cases of Hodgki n ' s  d i­
sease di agnosed by Lukes and Butler ( 1966 ) . Thi s val ue i s  not a re­
l i abl e i ndi cat i on of the actual i nci dence of nodular  paragranu l oma . 
because thei r seri es mai nly cons i sted of young mal e pati ents . Simi l ar­
l y ,  the 8 . 4% frequency of pa ragranul oma among cases of Hodg k i n ' s  d i ­
sease referred t o  the Lymph Node Reg i s try i n  Ki el i s  not representati ve 
of the true i nci dence of nodul ar paragranul oma . Th i s  val ue i ndi cates 
i nstead that the di agnos is  of nodu l ar paragranu l oma i s  occas i ona l ly 
diffi cul t ;  thus , cases of nodul ar paragranul oma are referred to the 
Regi stry more often than cases of other types of Hodgk i n ' s  d i sease . 
In contrast , the val ue of 2 . 7% found for nodul ar paragranu1 oma among 
al l routi ne cases of Hodg ki n ' s  di sease ( Lennert and Mohri , 1974 ) i s  
probably a more rel i abl e fi gure . Us i ng thi s val ue , we have ca l cu l ated 
the i nci dence of nodu l ar paragranul oma i n  West Germany to be 0 . 05/ 
100 , 000/year ,  based on a total i nci dence of a l l  types of Hodgk i n ' s  
di sease i n the reg i on of Schl eswi g-Hol stein  of about 2 . 0/100 , 000/yea r 
( Lennert , 1969 ) . Thus , about 35-40 new cases of nodu lar  paragranul oma 
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may be expected i n  West Germany each yea r .  I n  1975 , the Lymph Node 
Regi stry recei ved 30 new cases of nodul ar paragranul oma ; 27 of the 
pati ents were res i dents of West Germany . Thi s i ndi cates that a h igh  
percentage of  the  newly di agnosed cases of nodul ar  paragranul oma are 
fi l ed at  the Regi stry .  We may thus assume that the pati ents descri bed 
i n  thi s  report are representati ve of tne whol e popul ati on of pati ents 
wi th nodul ar paragranul oma i n  West Germany with respect to age and sex 
di stri buti on and l ocal i zati on of the exci sed lymph nodes . 
The pea k i n  the fourth decade shown by the age curve of nodul ar  pa­
ragranul oma resul ts from the l arge number of mal e  pati ents i n  thi s 
age group ( fi g .  1 ) . A comparabl e phenomenon i s  observed i n  the nodu l ar 
scl eros i s  type of Hodg ki n ' s  di sease , for whi ch it is wel l known that 
there i s  a l arge number of femal e  patients i n  the thi rd decade , whi ch 
is responsibl e for the peak in thi s decade . It i s  not yet pos s i bl e to 
provi de an  eti ol ogi c expl anati on for such phenomen a .  
I t  i s  wel l known that the age curve for a l l  types of Hodgki n ' s d i ­
sease has a bimodal pattern , wi th a peak i n  the thi rd a n d  one i n  the 
s i xth and seventh decades ( McMahon , 1966 ) .  The pea k i n  the fourth de­
cade shown by nodul ar paragranul oma apparentl y does not fi t i nto one 
of these two pea ks . On the bas i s  of the b imodal age curve , it has been 
suggested ( e . g . ,  McMahon , 1966 ) that Hodgki n ' s  d i sease mi ght be a 
syndrome that compri ses at l east two enti ti es , probabl y wi th di sti nct 
eti ol ogi es .  The di fferent age curve of nodul ar paragranul oma , whi ch 
shows a peak i n  the fourth decade , together wi th the mal e  predomi nance 
i n  thi s  age grou p ,  suggests that nodul ar paragranul oma mi ght be a 
th i rd enti ty wi th i ts own eti ol ogy . The hi stol og i c  s i mi l ari ty between 
nodu l a r  and d iffuse paragranul oma , cases showi ng a transi ti on from the 
nodu l a r  to the di ffuse variant , the s imi l ar age curves , and the a l most 
i denti cal sex ratios i ndi cate that di ffuse paragranul oma is part of 
the same ent i ty .  
When the age curves are corrected for each age group ,  the bi modal 
pattern of the mi xed cel l ul ari ty type appears to be an artifact , s i nce 
only one peak in the si xth and seventh decades i s  found i n  the correc­
ted curve ( Lennert , 1969 ) .  Thus , we may concl ude that Hodgki n ' s  di ­
sease i s  a trimodal  syndrome , composed of the thi rd decade peak of no­
dul ar scl erosi s ,  the fourth decade peak of nodul ar and di ffuse para­
granul oma , and the si xth and seventh decade peak of mi xed cel l ul ari ty.  
Another conc l us ion that may be d rawn from the age curves is  that 
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cases w ith l ymphocyti c predomi nance other than paragranul oma have an 
age di stri buti on di fferent from that of nodul ar  and di ffuse paragranu­
l oma . The age curve for the cases other than paragranul oma i s  rather 
comparabl e to that of the mi xed cel l ul ari ty type . Thus , it appears to 
be j usti fiabl e to separate paragranul oma from cases w i th lymphocyti c  
predomi nance that do not di spl ay the typ i cal  h i sto l og i c  p icture of 
paragranul oma . The fi ndi ng of di fferent age curves supports the con­
cept of a more di fferenti ated subcl a s s i fi cation of the l ymphocyti c 
predomi nance type of Hodgki n ' s  di sease and i s  an argument aga i nst 
overs impl i fi cation for pragmat ic  reasons . 
I n  compari son wi th the data on age and sex di stri buti on of nodul ar 
paragranul oma , those on the l ocal i zation of the exci sed l ymph nodes 
are of modest val ue .  Neverthel ess , i t  i s  notabl e that a rel ati vel y 
l a rge number of axi l l ary and i ngui na l  bi ops i es were found among the 
cases of nodu l a r  paragranul oma and a somewhat sma l l er number among 
the cases wi th l ymphocyti c depl eti on ,  whereas i n  a l l other types of 
Hodgki n ' s  di sease b i ops ies from axi l l ary and i ngui na l  regi ons were 
much l es s  frequent.  Th i s  was al so true for di ffuse pa ragranul oma , i n  
wh ich  cervi cal l ymph nodes were removed much more often than i n  nodu­
l ar paragranul oma ; the number of axi l l ary and i ngui nal  bi opsi es sho­
wi ng d i ffuse paragranul oma was correspondi ngly  smal l er .  Cons i deri ng 
the fact that the choice of a parti cul ar  l ymph node for bi opsy may 
depend on unrel ated factors , one may consi der the di fferences i n  l oca­
l i zation between the vari ous types of Hodgki n ' s  di sease to be of l i tt l e  
s i gn i fi cance. I t  woul d b e  useful , however , to determine the actual 
i nvol vement of the various l ymph node regi ons and , if possi bl e ,  the 
pri mary l ocal ization of the di sease i n  cases that have been wel l  
staged . 
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immunohi stol og i c  findi ngs . ( i n  preparation ) .  
Rappaport , H . , \�i nter ,  W . J . , Hicks , E . B . : Fol l i cul ar  l ymphoma . A re­
eval uati on of i ts pos i ti on i n  the scheme of mal i gnant l ymphoma , 
based on a survey of 253 cases . Cancer ( Ph i l ad . ) 9: 792-821 , 1956 . 
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Chapter V I  I .  
NODULAR PARAGRANULOMA AND PROGRESS IVELY TRANSFORMED GERMI NAL CENTERS . 
ULTRASTRUCTURAL AND I MMUNOHISTOLOGI C  FINDI NGS .  
S .  Poppema , E .  Kai serl i ng ,  K. Lennert. 
Abstract 
Ul trastructural and i mmunoh i stol ogi c fi ndi ngs i n  a nodul ar vari ant 
of Hodgk i n ' s  di sease wi th l ymphocyti c predomi nance , cal l ed nod u l a r  
paragranul oma , are presented and compared wi th those i n  so-cal l ed 
progress i vel y  transformed germi nal centers . These are l arge fol l i cl es 
wi th numerou s lymphocytes and can be found not only i n  nonspeci fi c 
lymphadenit i s ,  but al so i n  l ymph nodes from pati ents wi th nodul ar pa­
ragranul oma . 
The i mmunoperoxi dase techni que was appl i ed on paraffi n secti ons to 
detect i ntracytopl asmi c i mmunogl obul i n  and l ysozyme . The so-cal l ed 
L & H type Sternberg-Reed cel l s  contai ned IgG and one type of l i ght 
chai n per cel l , suggesti ng that such cel l s  produce i mmunogl obul i n .  
The ul trastructure of the L & H type Sternberg-Reed cel l s  favored the 
i mmunobl asti c nature of these cel l s . 
I t  i s  concl uded that nodul ar paragranul oma di ffers from other 
types of Hodgk i n ' s  d i sease by i ts l ocal i zati on i n  B-cel l areas and 
the presence of atypi ca l B i mllk.Jnobl asts . 
Introducti on 
Nudul ar paragranul oma i s  a vari ant of the lymphocyti c predomi nance 
type of Hodgki n ' s  di sease . I n  the cl assi fi cati on of Jackson and 
Parker ( 1947 ) a nodu l dr vari ant of paragranul oma was not menti oned .  
Rappaport et al . ( 1956 ) l ater separated it  from non-Hodgk i n ' s  fol l i ­
cul ar l ymphoma . I n  the cl ass i fi cati on of Lukes and Butl er ( 1966 ) i t  
was des i g nated a s  "Hodgk i n ' s  d i sease , lymphocyti c  and hi stiocyti c 
type , nodul ar" . Because thi s  nodu l ar vari ant fu l fi l l s  al l the morpho­
l og i c  cri teri a of the paragranul oma descri bed by Jackson and Parker 
( 1947 ) ,  we cal l  i t  "nodu l a r  paragranul oma " .  In our cl ass if i cat i on of 
Hodgki n ' s  di sease ( Lennert and Mohri , 197 4 )  we have separated nodul ar 
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paragranul oma ( subtype I a ) from di ffuse parag ranul oma ( l b ) and other 
cases wi th l ymphocyti c predomi nance ( l e ) .  
The most promi nent features of nodul ar paragranul oma are a predo­
mi nance of smal l l ymphocytes and the nodul ar  growth pattern . I n  
add i ti on ,  a s peci al type o f  Sternberg-Reed cel l , the so-cal l ed L & H 
type of Sternberg-Reed cel l ( Lukes and Butl er , 1966 ) i s  found i n  va­
ri abl e numbers .  Di ffuse paragranul oma s hows the same morphol og i c  
characteri sti cs , but does not have a nodul ar structure . The g roup of 
other cases wi th l ymphocyti c  predomi nance ( l e )  contai ns the cases wi th 
typical  Sternberg-Reed cel l s  or , occasi on al l y  some l acunar cel l s  and 
more eos i noph i l s  and more pronounced fi bros i s  than are seen in typi ­
cal cases of paragranu l oma . 
Progress i vely transformed germi n al centers were descri bed i n  1975 
by Lennert and MUl l er-Hermel i nk as fol l i cul ar s tructures that are 
much l arger than normal germi nal centers and consi s t  of sma l l  l ympho­
cytes i nterspersed wi th resi dual germi nal center cel l s  (centrocytes 
and centrobl asts ) and dendri ti c reti cul um cel l s . There i s  a stri k i ng 
simi l ari ty between progress i vely  t ransformed germi nal centers and the 
nodul es of nodul ar paragranul oma ( Lennert et al . ,  1978 ) . The fundamen­
tal di fference i s  the absence of Sternberg-Reed cel l s  from progressi ­
vely transformed germi nal  centers . 
I n  a s tudy of 206 cases of nodul ar paragranul oma , we found fi ve 
pati ents who had reactive l ymph nodes wi th progressi vel y  transformed 
germi nal centers before , at the same time as , or after bi opsy of the 
l ymph node showi ng nodu l ar paragranul oma ( Poppema et al . ,  1979b ) . An 
epi demi ol ogi c study of Hodg ki n ' s  di sease wi th lymphocyti c predomi nance 
s howed that the age curve of nodul ar and di ffuse paragranul oma has a 
peak i n  the fourth decade , suggest i ng that paragranul oma i s  a separate 
enti ty ( Poppema et al . ,  1979c ) . 
The present study consi ders the ul trastructural and i mmunohi stol o­
g i c  characteri sti cs of nodu l ar paragranu l oma . The nature of the L & 
H type Sternberg-Reed cel l s  wi l l  be g i ven speci al attenti on .  Fi nal l y ,  
the u l trastructu re o f  progressi vely trans formed germi nal centers wi l l  
be descri bed and compared wi th that of the nodul es of nodul ar para­
granu l oma . 
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Materi al s and methods 
El ectron mi croscopy 
Sampl es from the l ymph nodes of two patients wi th nodul ar paragra­
nul oma were cut i n to 1-2 mm cubes and fi xed in 4% gl utaral dehyde 
( 0 . 1 M cacodyl ate buffer ,  pH 7 . 3 ) for 2 hours . In two cases of non­
speci fi c l ymphadeni ti s  wi th progress i vely transformed germi nal cen­
ters , sma l l  pi eces were cut from wel l -fi xed , Parapl ast ( R ) _embedded 
ti ssue and deparaffi n i zed . Thi s  procedure enabl ed us to sel ect pi eces 
conta i n i ng progres s i vely transformed germi nal centers . After wash ing  
i n  cacodyl ate buffer,  the ti ssue was postfi xed i n  Oso4 ( Rhod i n  buffer ) 
for 2 hours , then gradual l y dehyd rated i n  acetone , and embedded i n  
Ara l d i te ( R ) . Ul tra-thi n  secti ons were stai ned wi th uranyl acetate and 
l ead ci trate and exami ned wi th a Si emens E lmi s kop I at  80 kV . 
Immunohi stol ogy 
For the demonstration of i ntracytopl asmi c immunog l obu l i n  and l yso­
zyme , we used Tayl or ' s  ( 1 974 ) mod i fi cati on of the peroxi dase-anti pero­
xi dase ( PAP ) method descri bed by Sternberger et al . ( 1970 ) . Detai l s  of 
the procedure have been presented el sewhere ( Papadimi tri ou et al . ,  
1978 ; Poppema et al . ,  1978 ) . The speci fi c anti sera were obtai ned from 
Nord i c  Di agnosti cs , The Netherl ands ( rabb i t  anti -human K ,  A ,  y ,  a ,  
and µ ) , and Dakopatts , Denmark ( rabbi t anti -human l ysozyme ) .  The second 
anti serum was a sheep anti -rabbi t serum produced i n  our l aboratory 
( Papadi mi tri ou et al . ,  1978 ) . The PAP complex was purchased from Dako­
patts , Denmark . Perox i dase acti vi ty was demonstrated wi th the di ami no­
benz id i ne-tetrahydrochl ori de (S i gma , Mi ssouri , USA) reacti on descri bed 
by Graham and Karnovsky ( 1966 ) .  
Seri al sections from 20 cases of nodul ar  paragranul oma and two 
cases of nonspeci fic l ymphadeni ti s wi th progress i vely  transformed ger­
mi nal centers were stai ned for K ,  A ,  y ,  a, and µ cha i ns and l ysozyme . 
I n  al l cases , some sect i ons were stai ned for al bumi n wi th a rabbi t 
anti -al bumi n anti serum ( Nord i c , The Netherl and s )  that had been re­
absorbed wi th human IgG .  Al l secti ons were counterstai ned wi th hema­
toxyl i n .  
In  one case , doubl e sta i n i ng for K and A chai ns was performed on 
one secti on and for K cha i ns and lysozyme on another sect i on .  The 
procedure was a mod i fi cation of the method of Nakane ( 1 968 )  and has 
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been descri bed i n  detai l prev i ously  ( Poppema et al . ,  1978 ) . The fi rst 
anti gen was s tai ned wi th d i ami nobenzi di ne-tetrahydrochl ori de and the 
second one wi th  4-chl oro-1-n aphthol ( Al drich-Europe , Bel g i um ) .  
Resul ts 
Ul trastructural fi nd i ngs i n  nodul ar paragranul oma 
There was a marked preponderance of smal l l ymphocytes . On cl oser 
exami nat i on ,  however , i t  was evi dent that the popul ati on of lympho­
cytes was heterogeneous wi th respect to nucl ear shape and to the or­
ganel l e  content and el ectron dens i ty of the cytopl asm. Smal l l ympho­
cytes wi th an oval , or occas i onal ly  sl i g htly  i ndented nucleus ( fi g .  1 )  
predomi nated i n  number .  These cel l s  showed marg i nal ly  condensed he­
terochromati n and a sometimes ri ng-shaped nucl eol us . The cytopl asm was 
el ectron-transparent and contai ned only  a few lysosomes . A Gol g i  f ie ld  
was  usual l y  not encountered . There were excl usi vely monori bosomes and 
no polyri bosomes . Rough endopl asmi c reti cul um was poorl y devel oped . 
Onl y  a few , usual l y  somewhat l arger l ymphocytes exhi bi ted rel ati vely 
l ong profi l e s  of ergastopl asm , arranged concentri cal ly  wi th  the nu­
c l eu s .  
The l ymphocyte popul ati on i nc l uded another type of smal l l ymphocyte , 
al though l ess  numerous , that s howed h i g h  el ectron densi ty of the cyto­
pl asm ( fi g .  1 ) .  These cel l s  had an i rregul arly shaped nucl eus and 
marg i nal ly  condensed heterochromati n .  They often c ontai ned several 
l ysosomes . The cytopl asm d i spl ayed monori bosomes and almost no  rough 
endopl asmi c reti cul um. These cel l s  were often found in  the i mmedi ate 
vi ci n i ty of dendri ti c reti cul um cel l s  ( fi g .  1 ) , but were al so  seen 
near i n terdi g i tati ng  reti cul um cel l s  i n  i n terfol l i cul ar  areas . 
Cel l s  that were ul trastructural l y  remi n i s cent of centrocytes were 
observed only occa s i onal l y  ( fi g .  1 ) .  The i r nucl eus was s l i ghtly i n­
dented , and chromati n was rel ati vely wel l di stri buted . These cel l s  
contai ned monori bosomes , occasi onal polyri bosomes , and a few rough 
membrane profi l es .  Li ke the sma l l l ymphocytes wi th el ectron-dense 
cytopl asm , the centrocyte-l i ke cel l s  were usual ly  found i n  the 
v i c i n i ty of dendri t i c  reti cul um cel l s .  
Cel l s  wi th the morphol ogy of centrobl asts or immu nobl asts were 
extremel y rare . In both cases , however , there were a few centrobl asts 
wi th margi nal nucl eol i and numerous pol yri bosomes . 
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F i g .  1 .  Dend r i t i c  ret i cu l um ce l l ( DRC ) wi th  b ranched cytop l asm i c  pro­
j ect i ons ( a r rows )  in nodu l a r  parag ranu l oma . Between the cytop l asm i c  
proj ect i on s  o f  the DRC there a re numerous l ymphocytes . A t  the bot tom ,  
a cen t rocyte ( C C ) , and a t  the top , a cent rob l as t  ( C B ) . x S , 20 0 .  
A sma l l  number o f  other cel l s  wi th numerous pol yri bosomes and 
characteri zed by a hi gh nucl ear/cytopl asmi c rati o were al so evi dent 
(fi g .  2 ) .  Thei r nucl eus showed deep i nvagi nati ons and thus someti mes 
appeared to be shaped l i ke a c l overl eaf . A promi nent nucl eol us was 
found in the center or at the membrane of the nucl eu s .  The nucl eol us 
stood out aga i nst the sparse heterochromati n .  In the cytopl asm there 
were numerous polyri bosomes and a few rough membrane profi l es that 
were sometimes connected with the peri nucl ear space . The usual ly  smal l 
profi l es of ergastopl asm rarely contai ned el ectron-dense materi al . 
When a Gol gi fi e ld  was encountered , i t  contai ned numerous vesi c l es 
that mostly appeared el ectron-transparen t .  Mi tochondri a were often 
swol l en .  There were only a smal l number of l ysosomes . 
The non-l ymphoi d cel l s  seen i n  both cases were dendri ti c reti cu­
l um cel l s ,  i nterd i g i tati ng reti cul um cel l s ,  and h i s ti ocyti c reti cul um 
cel l s  (macrophages ) .  There were numerous dendri ti c reti cul um cel l s  
(fi g .  1 )  i n  one case of nodul ar  paragranul oma , but onl y a few i n  the 
other case . The dendri ti c reti cul um cel l s  were characteri zed by a 
narrow margi nal rim of condensed nu cl ear chromati n .  The nucl eol us was 
sometimes promi nent and was found i n  the mi dd l e  of the nuc l eus .  
Cytopl asm was sparse and contai ned short rough membrane profi l es and 
a few el ectron-dense l ysosome-l i ke gran u l es .  The branched cytopl as­
mi c proj ecti ons of dendri tic  reti cul um cel l s  extended between sur­
roudi ng lymphocytes and sometimes enc l osed the l ymphocytes compl ete ly .  
There was often di rect membrane contact between the dend ri ti c reti ­
cul um cel l s  and the sma l l  lymphocytes wi th el ectron-dense cytopl asm 
and between dendri tic  reti cu l um cel l s  and the cel l s  that were cyto­
l ogi cal l y  remi n i scent of centrocytes . Dend ri ti c  reti cul um cel l s  wi th 
desmosomes were rare , but occurred in both cases of nodul ar paragra­
nul oma . In a few dendri ti c reti cul um cel l s ,  we found two cross-sec­
t i ons  of a nucl eus ; thu s ,  one cannot excl ude the pos si bi l i ty that some 
dendri ti c reti cul um cel l s  are bi nucl eate . 
I nterdi gi tating reti cu l um cel l s  were seen a l most excl usively out­
s i de the tumor nodu les .  It is not al ways possi bl e ,  however , to 
cl early defi ne the border of a tumor nodul e .  
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F i g . 2 .  A l a rge b l as t  ce l l  ( so-ca l l ed L & H type S t ernberg-Reed ce l l )  
w i th  nume rous pol y r i bosomes i n  nodu l a r pa rag ranu l oma . The ee l 1 has a 
l a rge p rom i nen t nuc l eo l u s and s hows deep nuc l ea r  i nden ta t i ons . The 
cytop l asm conta i ns numerous po l y r i bosomes , a few , some t i mes s l i g h t l y  
en l a rged c i s ternae o f  ergastop l asm ( a r rows , i nset )  and a Gol g i  f i e l d  
( G )  w i t h  numerou s ves i c l es . x 2 1 , 00 0 .  
Occasi onal l y ,  i nterd i gi tati ng reti cul um cel l s  appeared t o  l i e wi thi n 
a nodul e .  Thus , we saw them now and agai n i n  the v i c i n i ty of dend ri -
t i c  reti cul um cel l s .  The i nterd i g i tati ng reti cul um cel l s  s howed an 
i rreg ul arly shaped , someti mes deepl y  i nvagi nated or reni form nucl eus .  
The cytopl asm contai ned rough membrane profi l e s .  I n  the cytopl asmi c 
peri phery there were deep i nvagi nati ons that appeared to enc l ose 
el ectron-dense materi al . A Gol g i  fiel d was often encountered.  Vari a­
bl e-s i zed l ysosome-l i ke granul es were seen near the Gol g i  fiel d .  The 
lymphocytes found near the i nterd i g i tati ng reti cul um cel l s  were some­
times characteri zed by h i gh  el ectron dens i ty or the i r  cytopl asm ( fi g .  4 ) .  
There were onl y a smal l number of hi st iocyti c ret i cu l um cel l s . These 
cel l s  had numerous l ysosome-l i ke granu l es showi ng vari abl e el ectron 
dens i ty.  It i s  not pos s i b l e  to ma ke a concl us i on about the ori g i n of 
thi s  materi al on the bas i s  of the morphol ogy al one . The nucl eus and 
cytopl asm were onl y s l i ghtl y  el ectron-dense . 
Fi nal l y ,  we found a smal l number of cel l s  that were more or l ess  
remi ni scent of epi thel o i d  cel l s  { fi g . 3 ) .  These cel l s  had  an i rre­
gu l arly s haped nucl eus wi th deep i nvagi nati ons and a promi nent nu­
cl eol us .  The cytopl asm was moderate ly  el ectron-dense . It contai ned 
numerous l ysosome-l i ke granul es and numerous mi tochond ri a .  The 
cytopl asmi c membrane had a few fi ne proj ecti ons . 
The epi thel oi d venul es seen i n  nodul ar paragranul oma showed the 
same ul trastructure as those i n  normal lymphoi d ti ssue . Sma l l l ympho­
cytes wi th an oval or i rregul arly shaped nucl eus were often encoun­
tered in i nterendothel i a l  areas . 
Ul trastructure of progressi vel y transformed germi nal centers 
In both cases of nonspeci fi c l ymphadeni ti s stud i ed by el ectron 
mi croscopy , the progressi vely transformed germi nal centers contai ned 
a l most exc l u s i vely smal l l ymphocytes . These had an oval or round 
nucl eus .  The chromati n was nargi nal l y  condensed . There was a central 
ri ng-shaped nucl eol us . The cytopl asm contai ned monori bosomes and 
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F i g .  J .  H i s t i ocyt i c  ret i cu l um ce l l  wi t h  fea tures of an ep i the l o i d  ce l l  
i n  nodu l a r  parag ranu l oma . The ce l l has an i r regu l a r l y  shaped nuc l eus 
and a very l a rge nuc l eo l us .  The cy top l asm con ta i ns a l a rge number of 
m i tochond r i a  and nume rous l ysosome- 1 i ke g ranu l es (ar rows ) . The c e l l 
membrane shows f i ne cytop l asm i c  proj ec t i ons  ( X ) . Lymphocytes ( L ) . 
x B , 40 0 .  
a lmost n o  rough endopl asm i c  reti cul um .  There were occas i onal l y  some­
what l arger l ymphoi d cel l s  wi th numerous polyri bosomes . In such cel l s  
we sometimes encountered a few profi l es of rough ergastopl asm. Among 
the lymphocytes there were occasi onal cel l s  that coul d be i denti f ied 
as dendri tic  reti cul um cel l s  because of the i r  nucl ear shape and the 
di stri buti on of the chromati n .  They had margi nal ly  condensed chromati n .  
The nucl eus sometimes l ooked as i f  i t  had been dented by a thi n  comb , 
bu t was otherwi se oval i n  s hape . There were a few membrane profi l es 
i n  the cytopl asm .  In one such cel l ,  we found a desmosome . The occa­
s i onal centrocytes and centrobl asts found by l i ght mi cros copy were not 
ev i dent i n  the el ectron mi crographs we anal yzed . 
I n  i n terfol l i cul ar areas we saw parts of epi thel oi d venul es wi th 
i n terendothel i al lymphocytes . There were al so sma l l  l ymphocytes , whi ch 
usua l l y  had an i rregul arly contou red nucl eus , and occas i onal i n ter­
d i g i tati ng reti cu l um cel l s . 
Immunohi stol ogy of nodul ar paragranul oma 
Rel i abl e sta ini ng resul ts were obtai ned i n  lS out of 20 cases .  The 
cri teri a for sta i n i ng of good qu al i ty were the i ntensi ty of pl asma 
cel l stai n i ng and the absence of background stai n i ng . The unsati s­
fying sta in ing  resul ts obtai ned in  some cases were due to  di fferences 
i n  fi xati on and embedding , whi ch are i nev i tabl e i n  referred cases . 
In a l l  lS cases , there were a smal l number of pl asma cel l s ,  l oca­
l i zed at the peri phery of the lymph node and in i nternodul ar areas . 
These cel l s  showed stai n i ng for K and A and general ly for heavy chains 
of the y cl ass . I n  most p lasma cel l s  the reacti on product was seen i n  
the cytopl asm wi th a negative Gol g i  fi el d ;  but some cel l s  showed strong 
stai n i ng of the Gol g i  fiel d ( fi g .  Sb ) .  
The sta i n i ng of L & H type Sternberg-Reed cel l s  vari ed greatly.  
Some cel l s  were negative .  Most cel l s ,  however ,  showed a usual l y  
granu l a r ,  sometimes g l obul ar posi ti v i ty ,  whi ch was often l ocal i zed i n  
the peri nucl ear space . These cel l s  mostl y stai ned for K chains  ( fi g .  
Sc and d ) ;  but there were al ways a sma l l er number of A-pos i ti ve cel l s  
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smooth and 
i n  the same area ( f i g .  Se ) .  I n  seri al secti ons there were no Sternberg­
Reed cel l s  wi th both K and A cha i n s .  Thi s fi ndi ng was confi rmed by 
dou bl e stai n i ng , whi ch reveal ed many cel l s  wi th brown stai ni ng for K 
and a smal l er number of cel l s  wi th greyi sh bl ue stai ni ng for A .  The 
only heavy cha i ns found i n  L & H type Sternberg-Reed cel l s  were of the 
y cl ass ( fi g .  Sa ) .  Stai ni ng for l ysozyme and a l bumi n was negati ve i n  
al l cel l s  that cou l d  be i dentified as L & H type Sternberg-Reed cel l s . 
There were al so sma l l er cel l s  wi th one or more nucl eol i that cou l d  
be morphol ogi cal l y  cl assified  a s  pl asmabl asts and i nrnunobl asts .  The 
stai n i ng characteri sti cs of these cel l s  were the same as those of the 
L & H type Sternberg-Reed cel l s .  
I ntense stai ni ng for l ysozyme was demonstrated i n  both the hi sti o­
cyti c reti cul um cel l s  wi th pl ump , moderate l y  l ong processes and those 
wi th a rounder shape ( fi g .  6a-c ) .  The s tai ni ng pattern was u sual l y  
gl obu l a r ,  but some cel l s  showed a d i ffuse l ysozyme reacti on.  Stai ni ng 
for i mmunogl obul i n  and al bumi n was negati ve i n  the hi sti ocyti c reti ­
cul um cel l s  . 
. Epi thel o id  cel l s  al so exhi bi ted i ntense s ta i n i ng for l ysozyme , often 
l ocal i zed i n  a paranucl ear area ( Gol gi fi el d ? )  ( fi g . 6d ) .  In secti ons 
stai ned for inrnunogl obul i n  or a l bumi n ,  a weak , d i ffuse , nonspecifi c 
reacti on was sometimes found i n  the cytopl asm of epi thel o id  cel l s . 
Dendri ti c and i nterd i g i tati ng reti cul um cel l s  were negative for a l l  
anti gens stud ied .  
I n  the secti on that was stai ned for both K chai ns and  l ysozyme , 
Sternberg-Reed cel l s  and h i s ti ocyti c reti cul um cel l s  were seen c l ose 
together . Someti mes these two types of cel l s  were remarkably s imi l ar i n  
morpho l ogy , but cou l d  be di sti ngui shed by pos i ti ve sta i n i ng for l i ght 
chai ns i n  the former and pos i ti ve stai ni ng for l ysozyme i n  the l atter 
cel l s . There were a few epi thel oi d  cel l s  wi th both weak ,  d i ffuse , 
brown stai n i ng for K chai ns  and strong gl obul ar stai n i ng for l ysozyme . 
Inrnunohi stol ogy of progressively transformed germi nal centers 
Progressively transformed germi nal centers i n  nonspeci fi c l ymphade­
n i t i s  showed onl y  a smal l number of pos i ti ve cel l s . There were onl y a 
few pl asma cel l s  wi th IgM or IgG and wi th K or A chai ns . Lysozyme 
stai ni ng reveal ed a few posi tive hi sti ocyti c reti cul um cel l s .  
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F i g .  5 .  Nodu l a r pa rag ranu l oma s ta i ned for l gG w i th  the PAP techn i que . 
Severa l l a rge ce l l s  ( Hodgk i n  ce l l s  and B i mmu nob l as t s )  s how g ranu l a r  or  
g l obu l a r s ta i n i ng .  I n  the  m i dd l e ,  there i s  a ce l l w i t h  pos i t i ve s ta i ­
n i ng of the per i nu c l ea r  space ( a r row) . Note t he nega t i ve h i s t i ocy t i c  
ret i cu l um ce l l s ( X ) . Red uced t o  x 280 . ( b )  Fou r  p l asma ce l l s  and one 
i mmunob l a s t  s ta i ned for l gG w i t h  the PAP techn i que .  Note the i n tense 
s ta i n i ng of the Go l g i  a rea i n  two of the p l a sma ce l l s  ( a r rows ) . Redu­
ced to x 900 . ( c )  A b i nuc l ea te a nd a mononuc l ea r  S ternberg- Reed ce l l 
i n  nod u l a r  pa ragranu l oma s ta i ned fo r K cha i ns w i t h the PAP tech n i qu e .  
Reduced t o  x 9 0 0 .  (d ) A l a rge Hodgk i n  ce l l  wi th  a ma rked l y  l obu l a ted 
nuc l eus  show i ng a pos i t i ve ,  pa r t i a l l y  pe r i nuc l ea r  reac t i on for K 
cha i ns .  Reduced to x 9 0 0 .  (e )  A l a rge mononuc l ea r  ce l l  (Hodg k i n  ce l l ? ) 
i n  the same sect i on as  ( d )  s ta i ned for A cha i n s .  Reduced to x 9 0 0 . 
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F i g .  6a- d .  Nodu l a r  parag ranu l oma s t a i ned for l ysozyme w i th  the PAP 
tech n i que .  ( a )  Severa l l a rg e  h i s t i ocyt i c  ret i cu l um ce l l s  show d i ffuse 
or  g l obu l a r  cytop l asm i c  s ta i n i ng .  Note t he negat i ve dend r i t i c  ret i ­
cu l um ce l l s ( a r rows )  and t he nega t i ve L & H type Sternberg-Reed ce l l s  
(dou b l e  a r rows ) . Reduced to  x 280 .  ( b )  Two h i s t i ocyt i c  ret i cu l um ce l l s  
w i t h  modera te l y  l ong , p l ump processes and a g ranu l a r  react i on for 
l ysozyme . Reduced to  x 900 . ( c) H i s t i ocyt i c  ret i cu l um ce l l  w i t h  a re­
l a t i ve l y  round s hape and i ntense cy top l asm i c  s ta i n i ng for l ysozyme . 
Reduced to x 900 . ( d )  Sma l l g roup of ep i the l o i d  ce l l s  w i t h  s t rong 
pa ranuc l ea r  (Go l g i  f i e l d ? )  s ta i n i ng for l ysozyme . Reduced to x 900 . 
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Di scu s s i on 
Progress i vely  transformed germi nal centers and nodul ar paragranul o­
ma have many l i ght mi croscopi c and u l trastructural features i n  COll1llon .  
Both show a predomi nance of smal l l ymphocytes and the presence of re­
s idual germi nal center cel l s  ( centrobl asts and centrocytes )  and dendri ­
tic  reti cul um cel l s .  These fi nd i ngs i ndi cate that progressively  trans­
formed germi nal centers and nodul ar parag ranul oma are l ocal i zed i n  
B-cel l areas .  Between the B-cel l areas there are resi dual T-cel l areas 
contai n ing i nterd i g i tati ng reti cul um cel l s  and epi the l oi d  venu l es .  
The fundamental di fference between progressively transformed ger­
mi nal centers and nodul ar paragranul oma i s  the presence of the so-cal l ed 
L & H type Sternberg-Reed cel l s  i n  the l atter .  These are l arge cel l s  
wi th an often extremely l obul ated nucl eus and a promi nent nuc l eo l u s .  
The rel atively sparse cytopl asm contai ns numerou s polyri bosomes , some 
rough endopl asmi c reti cul um , a Gol g i  fiel d wi th many vesi cl es , and a 
few lysosomes .  From a morphol ogi c  poi nt of v i ew ,  such cel l s  are l ym­
phoi d cel l s . They have many features i n  common wi th centrobl asts or 
i mmu nobl asts , but are di stingui shed by the l arge l obul ated nucl eus . 
Wi th the PAP technique , we demonstrated lgG and one type of l i ght cha i n  
pe r L & H type Sternberg-Reed cel l . Al though i n  a l l  cases a majori ty 
of the cel l s  showed K chai ns , there were al ways some cel l s  wi th A 
cha i n s .  l�e may concl ude from thi s fi ndi ng that the popul ati on of L & 
H type Sternberg-Reed cel l s  i s  not monocl onal , i n  contrast to the 
tumor cel l s  of most non-Hodgki n ' s  l ymphomas . The peri nucl ear l ocal i za­
ti on and often g l obu l ar pattern of the i mmunogl obul i n  reacti on and the 
presence of one type of l i ght chai n per cel l  excl ude the pos s i bi l i ty 
of phagocytos i s  or nonspecif ic  uptake of i mmunogl obul i n  by the L & H 
type Sternberg-Reed cel l s .  If the ce l l s  were capabl e of phagocytos i s  
or nons peci f i c  uptake of immunogl obul i n ,  one woul d expect to fi nd 
both types of l i ght chai ns or a di ffuse di stri buti on i n  the cytopl asm 
as has been found in other types of Sternberg-Reed cel l s  ( Papad i mi tri ou 
et al . ,  1978; Poppema et al . ,  1978 ) . 
L & H type Sternberg-Reed cel l s  can be d i sti ngu i s hed from hi stio­
cyti c reticul um cel l s  and epi the l oi d  cel l s  by several features . Hi s­
ti ocyti c reti cul um cel l s  contai n  numerous phagol ysosomes , and epi the­
l oi d  cel l s  show dense ves ic les  on el ectron mi croscopy . Both types of 
ce l l s  reveal a l arge amount of l ysozyme i n  immunohi stol ogi c prepara­
ti ons . On l i ght mi croscopy , however , some h i s ti ocyti c reti cul um cel l s  
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and epi thel oi d cel l s  are bi nucl eate or have promi nent nucl eol i and are 
thus di ffi cul t to di sti ngu i sh from Sternberg-Reed cel l s ,  especi al l y  
i n  hematoxyl i n  and eos i n-sta i ned secti ons . 
It i s  al so  possi bl e to make a di sti ncti on between L & H type 
Sternberg-Reed cel l s  and typi cal or l acunar Sternberg-Reed cel l s  on 
several g round s .  In Gi emsa-stai ned secti ons and Pappenhei m-stai ned 
l ymph node i mpri nts , L & H type Sternberg -Reed cel l s  tend to have a 
l ess abundant and more basophi l i c  cytopl asm than do other Sternberg­
Reed cel l s ;  thei r nucl eol i  are not as l arge and amphophi l i c  and the i r  
nucl ei are not a s  c l ear a s  those of typi cal Sternberg-Reed cel l s  
( Poppema et al . ,  1979b ) .  Al though the u l t rastru ctural descri pti ons 
of typi cal Sternberg-Reed cel l s  and l acunar cel l s  i n  the l i terature 
are not uni form , one may say that both types usual l y  have more abun­
dant cytopl asm that contai ns only a few cel l organel l es .  The resul ts 
of i1T111unohi stol ogi c  stud i es by our research g roups { Papadimi tri ou et  
al . ,  1978 ; Poppema et al . ,  1978)  d id  not favor i rrmunog l obul i n  pro­
ducti on by typi cal or l acunar Sternberg-Reed cel l s .  
The questi on a s  to whether L & H type Sternberg-Reed cel l s  are neo­
pl asti c cel l s  cannot be cl earl y answered , especi a l l y  because of the 
pol ycl onal character of the i ntracytopl asmi c i rrmunog l obul i n  demonstra­
ted in these cel l s . If we assume , howeve r ,  that there is a gradual 
evol uti on from progressively transformed germi nal centers i nto the 
nodu l es of nodul ar paragranul oma , then i t  i s  conceivabl e that more 
than one cl one of i mmunobl asts i n  a more or l ess advanced stage of 
mal ignant transformati on can be found i n  nodul ar paragranul oma . On 
the other hand , despi te thei r abnormal morphol og i c  appearance , we 
cannot excl ude the possi bi l i ty that the L & H type Sternberg -Reed 
cel l s  are of a reacti ve  nature , comparabl e to mul ti nucl eate i rrmuno­
bl asts , e . g . in  i nfecti ous mononucl eos i s .  For i nstance , T l ymphocytes 
mi ght be the ch ief abnormal cel l s ,  or a di sturbance i n  T/B-cel l i nter­
acti ons mi g ht be responsi bl e  for the observed morphol og i c  changes . One 
may suspect on morphol og i c grounds that T l ymphocytes are present i n  
nodul ar paragranul oma , both i n  the i n ternodul ar are as and i n  the 
nodu l e s .  In both reg i ons , sma l l  l ymphocytes wi th i rregul arl y shaped 
nuc l ei and el ectron-dense cytopl asm were seen i n  the v i c i n i ty of 
i nterdig i tat ing reti cul um cel l s ;  thi s i s  a strong argument i n  favor 
of the T-cel l natu re of such l ymphocyte s .  Remarkabl y ,  s imi l ar l ympho­
cytes were a l so found i n  the nei ghbourhood of dendri ti c reti cul um 
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cel l s  i n  the nodul es of nodul ar paragranul oma . A number of i nvesti g a­
tors have demonstrated rel atively  l arge numbers of T l ymphocytes i n  
normal germi nal centers , and one of u s  { Poppema e t  al . ,  1979a ) found 
smal l  groups of T l ymphocytes i n  the nodul es of nodul ar paragranul oma 
by means of immu nohi stol ogi c  techni ques on frozen secti ons . 
On the bas i s  of morphol og i c fi nd i ngs , i t  i s  not pos s i b l e  to deci de 
whether there i s  an abnormal i ty of the T l ymphocytes or an i nter­
acti on between T and B l ymphocytes or between l ymphocytes and reti cul um 
cel l s  i n  nodul ar paragranul oma . The resul ts of the ul trastructural and 
immunoh i sto l ogi c stud i e s  presented i n  thi s report concur , however , 
wi th the i dea that nodu l ar paragranul oma i s  rel ated to so-cal l ed pro­
gress ively transformed germi nal centers of nonspeci f ic  l ymphadeni ti s .  
They al so demonstrate that nodul ar paragranul oma and probably di ffuse 
paragranu l oma di ffer from other types of Hodgki n ' s  di sease by thei r 
l ocal i zati on i n  B-cel l areas and the presence of atypi cal B immuno­
bl asts . 
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CHAPTER V I I I .  
GENERAL DISCUSS ION AND LOOK TOWARD THE FUTURE . 
Thi s  thes i s  i s  deal i ng w ith two mai n  topi cs . The fi rst one i s  the 
nature of Sternberg-Reed cel l s  and the mi croenvi ronment of these 
cel l s .  The second topi c i s  the quest i on whether nodu l ar paragranu l o­
ma as a subgroup of the lymphocyte predomi nance type of the Rye 
cl as s i fi cati on i s  a separate enti ty . 
The l i terature of rel evance to these topi cs has been revi ewed i n  
chapter I .  Wi th regard t o  the nature o f  Ste rnberg- Reed cel l s  i t  may 
be concl uded that most of the data i ndi cate that typi cal Ste rnberg­
Reed cel l s  and thei r l acunar vari ants are rel ated to macroph ages . 
Thi s  concl us i on i s  b ased on the resu l ts of t i s sue cul ture studi es , 
demonstrati ng the growth of macrophage-l i ke cel l s , and on the absence 
of con vi ncing  evi dence for i mmunog l obul i n  producti on i n  Sternbe rg­
Reed cel l s  i n  i mmunoh i stol ogi cal studi es . Chapter I I  cons i sts of an 
immunohi stol ogi cal study at the l i ght mi croscopi c  and u l trastructural 
l eve l on the presence of a number of serum prote i ns , w ith speci al 
reference to i mmunog l obul i n , in the cytopl asm of Sternberg- Reed cel l s .  
I t  was found that several serum protei ns ,  i ncl uding  polycl onal  immu­
nogl obul i n ,  we re present in the cytopl asm of the same Ste rnberg- Reed 
ce l l ,  and al so that these se rum protei ns were not associ ated wi th 
prote i n  synthes i z i n g  organel l es at the ul trastructural l evel . I t  was 
concl uded that the presence of i mmunog l obul i n  i n  the cytopl asm of 
Sternberg- Reed ce l l s  cou l d  be i nterpreted as the res ul t of a nonspe­
ci fi c uptake of se rum prote i ns and therefore cann ot be taken as an 
argument i n  favour of a B cel l ori gi n of Sternbe rg-Reed cel l s . The 
absence of lysosomes and of phagocyti c  vacuoles , fi l l ed wi th i mmuno­
g l obul i n  may be i nterpreted as an argument agai nst acti ve phatocytos i s  
by the Sternberg- Reed cel l s  and may i n di cate a pas s i ve absorpti on of 
serum protei ns . I t  i s  not clear whethe r s uch a pas s i ve absorpti on i s  
the res ul t o f  damage o f  the Ste rnberg-Reed cel l memb ranes by cytotoxi c  
T l ymphocytes , a s  has been suggested by Arch i bal d and Frenster ( 1973 )  
at  the ul trastructural l evel and a l so  by Kay ( 1976 ) who reported 
ki l l i ng of Sternbe rg-Reed cel l s  by lymphocytes in vi tro .  Fu rther 
i mmunoh i stol ogi cal studies ( unpubl i shed obse rvati ons ) demonstrated the 
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absence of l ysozyme and fe rri ti n i n  Sternberg-Reed ce l l s  whereas both 
anti gens were found i n  h i sti ocytes ,  monocytes ,  epi thel o i d  cel l s  and 
s ome reti cul um cel l s .  In chapter I I I  a case of nodul ar sc leros i s  type 
of Hodgk i n ' s  di sease i s  des cri bed wi th Sternberg-Reed ce l l s  contai ­
n i ng apparently v i abl e l ymphocytes .  These Ste rnberg-Reed cel l s  were 
devoi d of l ysozyme . I t  was di s cussed that the presence of lymphocytes 
i n  the cytopl asm of Sternberg-Reed cel l s  i s  not a conv inc ing  argument 
for a phagocyti c character of these cel l s ,  and i t  was suggested that 
the apparent vi abi l i ty of the l ymphocytes was an i ndi cati on for a phe­
nomenon cal l ed emperi pol es i s .  Emperi pol e s i s  is the i ncl usi on of vi abl e 
lymphocytes i n  the cytopl asm of other cel l s  as the resu l t  of an acti ve 
b i ndi ng of these lymphocytes to the membranes of the other cel l s  
( Humb l e  e t  al . ,  1g56 ) .  Thi s  mechani sm has been des cri bed i n  tumour 
cel l s  but al so i n  macrophage s .  Enzyme h i stochemi cal  and cytochemi cal 
stai n i ng of Sternberg-Reed ce l l s  seems to provi de an argument agai nst 
a h i s ti ocyti c/ reti cul um cel l  ori gi n  of Sternberg-Reed cel l s .  Aci d 
phosphatase can be found on ly i n  smal l amounts , nonspeci fi c  esterase 
i s  negati ve and peroxi dase i s  a l so absent in the cytopl asm of al l 
types of Ste rnberg-Reed cel l s  ( Dorfman , 1971 ; Po�pema et  al . ,  1977 ) .  
Neve rthel ess , i t  shou l d be rea l i zed  that thi s does not excl ude 
a reti cul um cel l ori g i n  of Sternberg-Reed cel l s .  For i n stance , i n te r­
di gi tat ing  reti cul um cel l s  whi ch have been found i n  T dependent areas 
in rabbi t- ( Ve l dman , 1970 ) and in human- l ymphoi d ti ssue ( Kai serl i n g  
& Lennert,  1974 ) , are a l so devoi d o f  l ysozyme and ferri ti n ( unpubl i shed 
observati on ) and do not exh i bi t clear phagocyti c  acti vi ty .  Aci d 
phosphatase acti vi ty i s  weak and nonspeci fi c  este rase i s  al most 
negati ve i n  i nte rdi gi tating  reti cul um cel l s  ( Lennert and MUl l er­
Hermel i nk ,  1975 ) .  The ori g i n  of i n terdi gi tating  reti cu l um cel l s  
i s  now known . The name i nterdi gi ati ng reticuZwn cel l i ndi cates 
that they we re ori gi nal l y  thought to be a speci a l  type of fi xed 
t issue ce l l ,  but more recently i t  has been suggested that they 
are de ri ved from monocytes ( Veerman , 1974 ) .  The i n terdi gi tating  reti ­
cul um cel l  i s  thought to be i nvol ve d  i n  the presentati on of anti gen 
to T lymphocytes ( Ve l dman et al . ,  1978) and i t  has been noted that 
there are very i ntimate contacts between the membranes of the 
lymphocytes and the i nte rdi gi tati ng  reti cul um ce l l s  ( Veerman and van 
Ewyk , 1974) . Th i s  presents a l i nk to the observati ons i n  suspen s i on s  
'of Hodgk i n ' s  di sease ti ssue . Both i n  short time cul tu res and i n  fresh 
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suspensi ons a cl usteri ng of l ymphocytes around Sternberg-Reed cel l s  
has been observed ( chapter I ) .  These l ymphocytes were shown to be 
T l ymphocytes by means of E rosettes ( fi gure 1 ) .  
F i g .  1 .  E rosette on c l uster  of appa rent l y  T l ymphocytes s u r round i ng 
S ternberg-Reed ce l l  of nodu l a r  sc l e ros i s  type of Hodgk i n ' s  d i sease 
a f ter  one day of cu l t ur i ng (unsta i ned , x 600 ) . 
I n  a few i nstances mi toti c acti vi ty and bl ast i c  transformati on of 
lymphocytes around the Sternberg-Reed cel l s  was evi dent i n  short time 
cul tures ( unpubl i shed observati on ) .  The s i gnifi cance of the cl usteri ng 
i n  vi tro is unknown , but the fi ndi ng of T l ymphocytes surroundi ng 
Sternberg-Reed cel l s  i n  frozen secti ons of lymph nodes i nvol ved by 
Hodgki n ' s  di sease ( chapter IV ) i ndi cates that i t  may be an important 
phenomenon al so i n  v ivo .  Possi bl e mechani sms for the bi ndi ng of 
l ymphocytes to Sternberg-Reed cel l s  have been di scussed at several 
pl aces i n  thi s  thes i s  ( chapters I I  and I V ) , but i t  i s  worthwhi l e  to 
recons i der them at thi s poi nt wi th the data of short tirne cul tures 
i n  mi nd . A cytotoxi c  acti on of T l ymphocytes towards the Sternberg­
Reed cel l s  coul d possi bly expl ai n the presence of serum protei ns i n  
the cytopl asm of these ce l l s ,  but i t  seems unl i ke ly  i n  vi ew of the 
fi ndi ng that Sternberg-Reed cel l s  and the i r  surroundi ng l ymphocytes 
can be observed i n  vi tro for several days wi thout s i gns  of cytotoxi ­
c i ty toward s the Sternberg-Reed cel l s  ( Payne et al . ,  1977 ; Stuart et 
al . ,  1977 ; Unpubl i shed observati ons ) .  An i nteracti on between Stern­
berg-Reed cel l s  and T l ymphocytes comparab le  to the presumed 
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i nteracti ons between i nterdi gi tati ng  reti cul um cel l s  and T lymphocytes 
( Ve l dman et al . ,  1978) i s  consi stent wi th the i n  vi tro observati ons .  
Recently we had the opportuni ty to study a cel l  suspens i on of a 
lymph node w i th dermatopathi c lymphadeni ti s , a l es i on whi ch i s  charac­
teri zed by the presence of a l arge number of i nterdi gi tati ng  cel l s .  
I t  was found that these cel l s  were devoi d of Fe and compl ement 
receptors as demonstrated  by means of rosetting  techni q ues . In a 
short time culture they devel oped l a rge vacuol es , fi l l ed w i th extra­
cel l ul ar fl u i d  and parti cles , for i nstance al so  fl uoresce i n  i soth i o­
cyanate l abel l ed aggregated rabbi t  I gG ,  whi ch was added to the cul ­
ture medi um .  Moreover ,  a b i nding of lymphocytes at the surface and i n  
between the mul ti p l e  s l ende r  exten s i ons of the ret i cul um cel l s  was 
observe d .  On supe rfi cial  i nspe cti on the presence of lymphocytes 
between these compl i cated cel l ul ar extens i ons gave the i mpress i on 
that the l ymphocytes had been ph agocytosed , but at the ul trastructural 
l evel thi s  fi nd ing  may be i nte rpreted as emperi �ol es i s  ( fi gure 2 ) .  
The demonstrati on of T lymphocytes , c lusteri n g  around i nterdi gi ta­
ti n g  reti cul um cel l s  in  vi tro is  an argument in  favour of the presumed 
i nteracti ons between these cel l types i n  v i vo ,  and  al so  provi des a 
further argument for a pos s i b l e  rel ati on between Sternbe rg-Reed cel l s  
and anti gen presenti ng  reti cul um cel l s  such as i nterdi gi tati ng  cel l s .  
The poss i bi l i ty that another ,  non-speci fi c type of b i ndi ng , compara­
b l e  to the b i nding  between T l ymphocytes and sheet red b l ood cel l s  
may be respon s i b l e  for the obse rved cl usteri n g  between lymphocytes 
and Sternberg-Reed cel l s  cannot be excl uded  at thi s  poi n t .  
The i nteracti ons between T lymphocytes and Sternberg-Reed cel l s  are 
of parti cul ar i nterest because of the wel l  known cel l u l ar i mmuno­
defi ci ency in Hodgk i n ' s  di sease . The defi ci ency is not the resul t 
of an absol ute l ack of T cel l s  (e . g . P i nkus et al . ,  1978) , and a l s o  
not o f  a n  i ntri n s i c  abnormal i ty o f  the T lymphocytes , but  i t  rather 
appears to be the res ul t of excessi ve s uppressor cel l acti vi ty 
( Hi l l i nger and Herz i g ,  1978 ; S i bb i tt et al . ,  1978 ; Leb and Merri tt , 
1978) . Inh i bi tory monocyte- lymphocyte i nte ract i ons  have been des ­
cri bed ( Schechter and Soehn l en , 1978 ) , and i t  has been found that the 
i nh i b i tory effect cou l d be reversed  i n  vi tro by i n dometh aci n , a 
prostagl andi n-synthetase i nh ib i tor ( Si bb i tt et al . ,  1978 ) .  The ques­
ti ons ari se whether the morphol ogi cal ly  non neopl asti c monocytes are 
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F i g . 2 .  " l nterd i g i ta t i ng ce l l "  of dermatop a th i c  l ymphaden i t i s ,  show i ng 
l ong , s l ende r ,  i n terd i g i ta t i ng v i i i  i and conta i n i ng seve ra l vacuo l es 
w i t h  ex t race l l u l a r  ma ter i a l , i nc l ud i ng two appa rent l y  v i ta l  l ympho­
cytes after two days of cu l t u r i ng (e l ec t ron m i c roscopy , x 7500) . 
rel ated to the Sternberg-Reed cel l s  and al so whether these neopl asti c 
Sternberg-Reed cel l s  i nh i b i t  T cel l �  
Immune compl exes can be demons trated i n  the serum of about 50% of 
the pati ents w ith Hodgki n ' s  di sease ( Brown et al . ,  1978 ) .  Thei r rol e 
i n  the suppress ion of the cel l ul ar i mmuni ty i s  not cl ear. I t  has not 
been proved that the compl exes contai n a tumour rel ated anti gen and 
so far no bl ocki ng of Fe receptors of cytotoxi c or suppres sor T cel l s  
(Ty-cel l s )  by these compl exes has been demons trated i n  Hodgki n ' s  
di sease. 
The study of the i nteracti ons between l ymphocytes and Sternberg­
Reed cel l s  has been hampered by the smal l number of v iab l e Sternberg­
Reed cel l s  in suspensi ons . The cul turi ng of Sternberg-Reed cel l s  i n  
vi tro augments the possi bi l i ties  for such i nvesti gati ons . Long et 
al . ( 1977 )  have obtai ned a conti nuous cel l l i ne of neopl asti c cel l s  
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deri ved from spl eens of pati ents wi th Hodgki n ' s  d i sease . These cul ­
tu red cel l s  exhi bi t a number of characteri sti cs whi ch are compati bl e 
wi th a macrophage ori g i n .  Some prel i mi nary s tudies  i n  col l aborati on 
wi th John Long i ndi cated that the cul tured cel l s  have a very strong 
capaci ty to bi nd l ymphocytes from Hodgki n pat i ents as wel l  as from 





F i g .  3 .  Lymphocytes of norma l per son , c l us te r i ng a round adherent ce l l s  
of neop l as t i c  ce l l l i ne* d e r i ved f rom a s p l een i nvo l ved by Hodgk i n ' s  
d i sease ( May-G runwa l d  G i emsa ,  x 3 2 , i nset  x 80) . 
� Long- term mono l ayer ce l l  c u l t u re of John Long ( J . Exp . Med . , 1 977) .  
The k i nd of l ymphocytes bound by the cul tured cel l s  and especi a l l y  the 
type of T cel l , has to be cl ari fied .  Thi s i s  a l so true for the cl us­
teri ng T l ymphocytes in  fresh suspensi ons of Hodgki n ' s  di sease or 
dermatopathi c lymphadeni ti s .  I t  has been reported that T hel per cel l s  
have receptors for IgM , whereas cytotoxi c  and suppressor T cel l s  have 
receptors for IgG (Moretta et a 1 .  , 197 7 ;  Gupta et a 1 .  , 1978 ) .  The 
i denti fi cati on of these receptors by means of rosetti ng techni ques 
wi th erythrocytes coated wi th IgM or IgG may permi t to determi ne the 
character of the c l usteri ng T l ymphocytes .  
I n  the future i t  may be pos s i b l e  to under stand much of the patho­
genes i s ,  e . g .  of the i mmunodefi ci ency , of Hodgki n ' s  d i sease on the 
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bas i s of study of the i nteracti ons between Sternberg-Reed cel l s  and 
l ymphocytes .  
The  data and  the cons i derati ons menti oned here above al l refer to 
the typi cal and l acunar type of Sternberg-Reed cel l s  of mi xed cel l u­
l ari ty and nodu l ar scl erosi s types of Hodgki n ' s  di sease . However , 
chapters V and V I I  are deal i ng wi th a rare and speci al subtype of 
Hodgki n ' s  d i sease , cal l ed nodul ar paragranul oma . Thi s  subtype has 
i ts own type of Sternberg-Reed cel l , usual l y  cal l ed L & H type of 
Sternberg-Reed cel l ,  and the cytohi stol ogi cal , ul trastructural and 
i rrrnunohi stol ogi cal  fi ndi ngs i n  these chapters al l suggest that these 
cel l s  are atypi cal  B immunobl asts . From thi s  i s  may be concl uded that 
in Hodgki n ' s  di sease at l east two di fferent types of Sternberg-Reed 
cel l s  can be found . The questi on ari ses whether thi s B immunobl asti c 
type of Sternberg-Reed cel l of nodul ar paragranul oma al so has i nter­
acti ons wi th T l ymphocytes .  No studi es are avai l abl e on suspensi ons 
or short ti me cul tures of paragranul oma , but the fi ndi ngs i n  chapter 
IV i ndi cate that the L & H type Sternberg-Reed cel l s  are surrounded 
by smal l groups of T l ymphocytes i n  v ivo .  Rosette formati on between 
T and B lymphocytes has been descri bed by Jondal et al . ( 1975 ) who 
found cl usteri ng of T l ymphocytes around the cel l s  of l ymphobl asto i d  
B cel l  l i nes .  It  i s  therefore worth whi l e  to study the i nteracti ons 
between L & H type Sternberg-Reed cel l s  and l ymphocytes too . 
Regard i ng the questi on whether typi cal and l acunar type Sternberg­
Reed cel l s  are di fferent cel l  types or just morphol ogi cal vari ati ons 
of the same neopl asti c cel l , no answers are avai l abl e .  Irrrnunohi stol o­
g i cal and enzymehi stochemi cal studies  d i d  not show d i fferences ,  where­
as u l trastructural stud i es only confi rmed the l i ght mi croscopi cal 
di fferences .  It shoul d be real i zed that typi cal Sternberg-Reed cel l s  
are not l i mi ted to mi xed cel l ul ari ty type of Hodg ki n ' s  di sease , but 
are al so present in nodu l ar scl eros i s  and nodul ar paragranul oma , and 
fi nal l y  in several non-Hodg ki n l ymphomas , in i nfecti ous mononucl eos i s  
and even i n  non l ymphoi d tumours ( Lukes e t  al . ,  1969 ; Strum e t  al . ,  
1970 ) .  For i nstance , i n  nodul ar scl eros i s  some of the l acunar cel l s  
may exhi bi t l arge nucl eol i or a rel ati vely smal l amphophi l i c  cytopl asm , 
and these cel l s  are not eas i l y  d i fferenti ated from typi cal Sternberg­
Reed cel l s .  On the other hand , mul ti nucl eated cel l s  i n  mononucl eos i s  
and Epstei n-Barr vi rus i nfected l ymphobl astoi d cel l l i nes , whi ch are 
of B cel l  ori g i n ,  have the same morphol og i cal characteri sti cs as 
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typi cal Sternberg-Reed cel l s .  I t  i s  therefore necessary to fi nd out 
whi ch cel l s  are the precursors of Sternberg-Reed cel l s  i n  stead of 
study i ng a cel l whi ch  seems to be the morphol ogi cal l y  common end 
stage of a l arge number of cel l types .  
The second mai n  subject o f  thi s thesi s i s  the questi on whether 
nodul ar paragranul oma as a subgroup of the l ymphocyte predomi nance 
type of the Rye c lass ifi cati on i s  a separate enti ty , di fferent from 
most other types of Hodgki n ' s  d i sease .  It was found that nodul a r  para­
granul oma has a wel l recogni zabl e hi stol ogi cal pi cture , characteri zed 
by a nodul ar pattern wi th a predomi nance of smal l l ymphocytes and 
sometimes benign appeari ng epi thel oi d cel l s  and al so wi th a speci al 
type of Sternberg-Reed cel l , the so cal l ed L & H type Sternberg-Reed 
cel l ( chapter V ) .  As al ready d i scussed , the L & H type Sternberg-Reed 
cel l s  appear to be atypi cal B i mmunobl asts by ul trastructural and 
immunohi stol og i cal cri teri a ,  and therefore to be di fferent from other 
types of Sternberg-Reed cel l s  ( chapter V I I ) .  An epi demi ol og i cal study 
on the age and sex di stri buti on of nod ul ar paragranul oma i n  compari son 
wi th other types of Hodgk i n ' s di sease showed a stri k i ng peak of 
nodul ar paragranul oma , but al so of d i ffuse paragranul oma i n  the fourth 
decade and al so a cl ear preponderance of mal e pati ents , especi al l y  
i n  thi s fourth decade . Thi s peak can be di scerned very wel l  from the 
peak i n  the thi rd decade of nodul ar scleros i s  and the peak i n  the 
fi fth decade of mi xed cel l ul ari ty .  It was concl uded that the age 
curve of nodul ar and di ffuse paragranul oma support the concept that 
these types consti tute a separate enti ty ( chapter V I ) .  The only hi sto­
l og i cal di fference between nodul ar and di ffuse paragranul oma i s  the 
absence of a nodul ar patte rn i n  the di ffuse vari ant ( chapter V ) .  A 
group of other lymphocyte predomi nance cases , d i fferent from para­
granul oma by the presence of typ i cal or l acunar type Sternberg-Reed 
cel l s ,  eosi nophi l s  or fi bros i s ,  have an age curve whi ch i s  comparabl e 
to that of mi xed cel l ul ari ty ( chapter V I ) ,  al though they have a fa­
vourab le  prognos i s  i n  common wi th paragranul oma . 
Another fi ndi ng of the study of nodul ar paragranul oma was the 
apparent rel ati onsh i p  between nodul ar paragranul oma and a reacti ve 
phenomenon , cal l ed progress i vely  transformed germi nal centers , whi ch 
can be found in unspeci fi c l ymphaden i ti s .  Thi s  rel ati onshi p was fi rst 
noti ced by Lennert in  197 5 .  There are several s imi l ari ties between 
125 
progress i vely transformed germi nal centres and the nodul es of para­
granul oma . Wi th the excepti on of Sternberg-Reed cel l s  the same 
l ymphoi d cel l s  can be found : a predomi nance of sma l l l ymphocytes , some 
germi nal center cel l s ,  and dendri ti c reti cul um cel l s .  In  nod u l a r  para­
granul oma some of the nodul es cannot be di scerned from progressively 
transformed germi nal centres as a consequence of the absence of Stern­
berg-Reed cel l s  from these nodul es . Fi nal l y ,  i t  was found that i n  a 
number of patients from whi ch more than one bi opsy was avai l abl e ,  
progressively  transformed germi nal centres were present i n  reactive 
lymph nodes that were exci sed several years before , at the moment of , 
or several years after the d i agnosti c exci s i on ( chapter V ) . 
The cytohi stol ogi cal , epi demi ol og i cal , ul trastructural and i11111u no­
hi stol ogi cal fi ndi ngs a l l  suggest that nodul ar paragranul oma i s  
di fferent from the other types of Hodgki n ' s  di sease . The questi on 
whether it shoul d be consi dered as a compl etely  separate enti ty i s  
di ffi cul t to answer. The B i mmunobl ast ic  character of the most promi ­
nent abnormal cel l s ,  bei ng the L & H type Sternberg-Reed cel l s ,  i s  a 
strong argument i n  favour. The polycl ona l character of thi s abnormal 
ce l l  popul ati on wi th some cel l s  sta i n i ng for kappa and others for 
l ambda l i ght chai ns i s  a compl i cati ng factor i n  v i ew of the axi oma 
that tumour cel l s  shou ld  be of monocl onal ori g i n .  I t  may however be 
that thi s fi ndi ng i s  the expressi on of a gradual evol uti on from a 
reacti ve to a neopl asti c state .  The morphol og i cal  si mi l ari ty and the 
occurrence of progressively transformed germi nal centres i n  pati ents 
wi th nodul ar paragranul oma suggest that progressively transformed 
germi nal centres may be the premal i gnant phenomenon . The findi ng of a 
l arge number of B l ymphocytes i n  l ymphocyte predomi nance type of 
Hodgki n ' s  di sease may be i mportant i n  thi s connecti on.  These B l ympho­
cytes appear to be normal cel l s  of pol ycl onal ori g i n  and probably are 
the resul t of an i nfl ux of B lymphocytes i nto the affected l ymph node 
area ( chapter IV ) . The reason for such an i nfl ux i s  unknown , but i t  
may be that the l arge s i ze of progressively  transformed germi nal 
centres is the resul t of a s imi l ar mechani sm. 
An al ternati ve expl anati on for the pol ycl onal character of L & H 
type Sternberg-Reed cel l s  i s  the pos si bi l i ty that al so i n  nodul ar 
paragranu l oma abnormal hi sti ocytes cou l d  be responsi bl e  for the 
ce l l u l ar  prol i ferati on .  In that case , the L & H type Sternberg-Reed 
cel l s  coul d only be consi dered as atypi cal reacti ve i11111u nobl asts . 
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The same woul d be true i f  the basi c abnormal i ty woul d be l ocal i zed 
i n  the T l ymphocytes or at some poi nt i n  the i nteracti on between T 
l ymphocytes ,  B l ymphocytes and hi sti ocytes .  The fi ndi ng of cases wi th 
nodul es showing a predomi nance of L & H type Sternberg-Reed cel l s  and 
the one case whi ch deve 1 oped a "sarcoma " of thi s ce 1 1  type , provi des 
an argument i n  favour of a neopl asti c character of the L & H type 
Sternberg-Reed cel l .  
Al though the fi ndi ng of a separate age peak provi des a s trong argu­
ment for paragranul oma as an enti ty , i t  may al so  be i nte rpreted as 
an express i on of the host reacti on i n  a certai n age group .  The di ffe­
rent age curve of other l ymphocyte predomi nance cases i ndi cates that 
such an age-rel ated host reacti on i s  unl i kely .  On the bas i s  of these 
arguments i t  can be concl uded that nodul ar and di ffuse paragranul oma 
consti tute an enti ty , di fferent from other types of Hodgk i n ' s  di sease. 
To deci de whether for i nstance nodul ar sc lerosi s  and mi xed cel l u­
l ari ty are al so  di fferent enti ti es i t  wi l l  be necessary to fi nd out 
whether the typi cal  Sternberg-Reed cel l s  of mi xed cel l ul ari ty and 
the l acunar type Sternberg-Reed cel l s  of nodul ar sc lerosi s are of 
d i fferent ori g i n ,  or whether they are just  morphol ogi ca l  vari a ti ons 
of the same cel l . The resul ts  of ti ssue cul ture studi es may be hel p­
ful i n  the sol uti on of thi s  probl em. 
Another poi nt that deserves further study i s  the s i gn i fi cance of 
progressi vel y transformed germi nal centres and the factors that i n­
fl uence thei r furthe r ,  neopl asti c? transformati on to nodul ar para­
granul oma . It may be i mportant to study the i mmunol ogi ca l  parameters 
i n  pati ents wi th l ymphadeni ti s showi ng these progress i vely  trans­
formed germi nal centers , to fol l ow these pati ents carefu l l y ,  to re­
peat l ymph node exci s i ons when other l ymph nodes are enl arged , and 
fi nal l y  to study the i mmunol ogi ca l  parameters i n  nodu l ar paragranu l oma. 
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The n ature of Sternbe rg-Reed cel l s  and surroundi ng lymphocytes 
i s  di scussed .  An attempt is a l s o  made to answer the questi on 
whether nodul ar paragranu l oma shoul d be regarded as a separate 
enti ty that di ffers from other types of Hodgk i n ' s  di sease .  The 
l i terature of rel e vance to these probl ems i s  reviewed i n  chapter I .  
Chapter I I  presents the res ul ts of an immunoh i stol ogi c study on the 
presence of i mmunogl obul i n  and some other serum prote i ns in the 
cytopl asm of Sternberg-Reed cel l s  at the l i ght micros copi c and 
u l trastructural l evel s .  I t  was found that both types of l i ght chai ns  
and  other serum protei ns we re s imul taneous ly demonstrabl e  in  the 
same Sternbe rg-Reed cel l s . The u l trastructural l ocal i zati on of these 
prote i ns di d not favour l ocal producti on by the cel l s . It i s  there­
fore concl uded that the immunog l obul i n  found in Sternbe rg- Reed cel l s  
i s  probably a product o f  nonspeci fi c uptake . Th i s  woul d b e  a strong 
argument agai nst the presumed B-cel l nature of Sternberg-Reed cel l s .  
Chapter I I I  reports on a case of Hodgk i n ' s  di sease that showed 
lymph ocytes in the cytopl asm of Ste rnberg- Reed ce l l s .  Two poss i b l e  
i nte rpretati ons are discusse d :  ( 1 )  the lymphocytes we re phagocytosed 
by the Sternbe rg-Reed cel l s ;  ( 2 )  the l ymphocytes acti vely  penetrated 
i nto the cytopl asm of the Ste rnberg-Reed cel l s .  The l atter mechani sm, 
whi ch is cal l ed "emperi pol esi s " ,  has been des cri bed in tumour cel l s  
i n  general and al so i n  macrophages , and thus i t  does not answer the 
questi on about the nature of Sternberg-Reed cel l s .  It i s  conce i vab l e , 
howeve r ,  that emperi pol esi s i n  Hodgk i n ' s  di sease woul d be rel ated 
to the b i nd i ng of l ymphocytes to Sternberg- Reed cel l s  i n  fresh sus­
pens i ons and short- te rm cul tures . Some pos s i b l e  mechani sms for s uch 
a b i nding  are i ndi cated i n  cha�ter I . 3 . 
Chapter IV  des cri bes i n vesti gati ons us i n g  a number of immuno­
hi stol ogi c techni ques on frozen t issue secti ons from Hodgk i n ' s  
di sease to dete rmi ne the nature of the l ymphocytes surroundi ng the 
Sternbe rg-Reed cel l s .  A l arge number of B lymphocytes were found 
to be present i n  cases with l ymphocyte predomi nance . In cases with 
mi xed cel l u l ari ty or nodul ar scl eros i s , T l ymphocytes predomi nated . 
I n  al l s ubtypes of Hodgk i n ' s  di sease , the Sternbe rg-Reed cel l s  were 
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s urrounded by a sma l l g roup of T l ymphocytes , whi ch correl ates 
wel l  wi th the fi ndi n g  of T lymphocytes cl uste red around Sternbe rg­
Reed cel l s  i n  s us pens i ons . 
The gene ral di s cussi on ( chapter V I I I }  poi nts out some s i mi l ari ­
ti es between the reacti ons of T l ymphocytes wi th Sternbe rg- Reed 
cel l s  and reacti ons of the same kind of T lymphocytes wi th so-cal l ed 
i nte rdi gi tati ng  reti cul um cel l s .  Thi s  type of reti cu l um cel l  i s  
normal l y  p resent i n  T reg i ons  of lymphoi d t i s s ue and i s  thought 
to be i nvol ved in the presentati on of anti gen to T l ymphocytes . 
The fi ndi ngs presented here s uggest that Sternberg-Reed cel l s  are 
rel ated to such anti gen -presenting  reti cul um cel l s .  
The questi on as to whether  nodul ar paragranul oma shoul d b e  regar­
ded as a separate enti ty that di ffers from other types of Hodgk in ' s  
di sease i s  di s cussed i n  chapters V-VI I .  The hi stori cal devel opment 
of the h i stol ogi c subcl ass i fi cati on of Hodgk i n ' s  di sease i s  des ­
cri bed i n  chapte r I . 4 . Nodul ar  paragranul oma i s  a s ubtype o f  the 
lymphocyte predomi nance type g i ven i n  the Rye cl ass i fi cati on of 
Hodgk i n ' s  di sease . The so-cal l ed L & H type Ste rnberg- Reed cel l s  
of nodu l a r  paragranul oma may be i nterpreted as atypi cal B irmnuno­
bl asts on the bas i s  of the ul trastructural and il'll!lunoh i stol ogi c 
fi ndings presented i n  chapter V I I .  The age di stri bution of nodul ar 
paragranul oma is cl early di fferent from that of the other types of 
Hodgki n ' s  di sease { chapter V I } .  Nodu l ar paragranu l oma h as a hi gh 
i nci dence among males i n  the fourth decade of l i fe ,  whe reas the 
nodul ar sc l eros i s  type shows a predomi nance of femal es i n  the thi rd 
decade and the mi xed cel l u l ari ty type a predi l e cti on for mal es i n  
the thi rd and s i xth decades . On these grounds , i t  i s  concl uded that 
nodul ar paragranul oma i s  a separate enti ty . 
Final l y ,  the resemb l ance between nodu l ar  paragranul oma an d the 
so-cal l ed progress i ve l y  trans formed germi nal centers seen i n  reac­
ti ve l ymphaden i t i s  i s  des cribed i n  chapter  V .  Indeed , the only 
h i stol ogi c di ffe rence between twese two l e s i ons  i s  the presence of 
Sternbe rg- Reed cel l s  in nodul ar paragranul oma . In  addi t i on , fi ve 
cases of nodu l ar paragranul oma were observed i n  whi ch l ymph node 
b i opsies obtai ned several years before , at the same time as , or 
several years afte r the di agnosti c bi opsy showed only  reacti ve 
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l ymphadeni ti s  w i th progress i vely trans fonned genninal  centers .  It i s  
concl uded that progressi vely  transfonned germi nal centers are rel ated 
to nodul ar paragranul oma and al so  that they mi ght be a preneopl asti c 
l es i on .  The reasons for the devel opment of s uch very l arge fol l i cl es 
with B lymphocytes are unknown , as i s  the reason for the l arge 
number of B lymphocytes found i n  the lymphocyte predomi nance type 
of Hodgk i n ' s  di sease . 
I t  may be expected that a growing  i ns i ght i n  the regul ati on of 
the normal germinal  center reacti on wi l l  enab l e  us to understand 
these abnormal accumul ati ons of B lymphocytes .  
1 �  
ZUSAMMENFASSUNG 
Die vorl i egende Arbe i t  beschafti gt s i ch mi t der Frage nach der 
Natur der Sternberg-Reed-Zel l e  unter besonderer Berilcksi chti gung der 
diese Zel l en umgebenden Lymphocyten . Ei ngegangen wi rd dabei auf die  
Frage , i nwi ewe i t  das  nodul are Paragranul om von anderen Subtypen des 
M. Hodgki n al s besondere Enti tat abzugrenzen i st .  In Kapi tel I wi rd 
Uber den gegenwarti gen Stand der Li teratur beri chtet . In Kapi tel I I  
s i nd d ie  Ergebni sse der i11111unhi stol ogi schen Untersuchungen dargestel l t .  
Im ei nzel nen wi rd Uber den l i cht- und el ektronenmi kroskopi sches Nach­
wei s  von Immungl obul i nen und e i n i ger wei terer Serumprotei ne i m  
Cytop lasma von Sternberg-Reed-Zel l en beri chtet .  E s  konnte gezei gt 
werden , dass i n  Hodgki n-Zel l en bei de l e i chte Inmungl obul i nketten 
sowie  verschi edene Serumprote i ne darstel l bar s i n d .  Zurn Tei l  s i nd 
I11111ungl obul i ne und Serumprotei ne auch i n  dersel ben Sternberg-Reed­
Zel l e  nachwei sbar. Aufgrund der fei nstrukturel l en Lokal i sati on der 
Immunglobul i ne kann ausgeschl ossen we rden , dass s i e  i ntracytopl asma­
tisch von den Sternbe rg-Reed-Zel l en sel bst gebi l det werden . Es muss 
vi e lmehr angenoovnen werden , dass dem Vorkommen von Inrnungl obul i nen i n  
Ste rnbe rg- Reed-Zel l en eine  n i cht spez i fi s che Aufname von Serumpro­
tei nen zugrunde l i egt.  Die von e in i gen Untersuchern postul i erte B-Zel l ­
Natur der Sternbe rg-Reed-Zel l en i st daher sehr i n  Zwe i fe l  zu  z i ehen . 
In Kapi tel I I I  wi rd Uber e i n  Hodgki n-Lymphom beri chtet , bei dem s i ch 
im Cytopl asma von Sternberg-Reed-Zel l en Lymphocyten nachwei sen l i essen . 
Es wi rd d iskutiert , ob das Vorkommen der i ntracytopl asmati schen Lym­
phocyten auf ei ne phagocyti s che Akti v i tat der Sternbe rg- Reed-Zel l en 
zurUckzufilhren i st oder ob di e Lymphocyten i n  das Cytopl asma der 
Sternberg- Reed-Zel l en aktiv ei nwandern . Letzteres , auch Emperi pol esi s 
genannt , i st bei neopl ast i schen Zel l en und bei Makrophagen wiederhol t 
beschri eben warden . Insgesamt kann durch das Vorkommen i ntracytopl as­
mati sch gel egene r Lymphocyten die  Natur der Sternberg-Reed-Zel l en 
n i cht naher erhel l t  werden . Mogl i cherwei se i st d ie  Emperi pol e s i s  
vergl e i chbar mi t ei nem bei Suspensi onen oder Kul turen von Hodgkin­
Zel l en zu  beobachtenden Phanomen . Auch h i er s ieht man  haufi g ei ne 
enge Bezi ehung zwi schen Lymphocyten und Sternberg-Reed-Zel l e n .  
I n  Kapi te l 1 . 3 .  s i nd e i n i ge Mechan i smen , di e filr ei ne Bi ndung der 
Lymphocyten an Hodgki n-Ze l l en verantwortl i ch sei n konnten , aufgeflihrt.  
133 
In Kapi tel I V  wi rd Uber  e i ne Rei he von immunhi stochemi schen Techni ken , 
di e an Gefri erschni tten von Hodgki n-Gewebe durchgefUhrt wurden , be­
ri chte t .  Zweck d i eser Untersuchung war ,  die Natur der die Hodgki n­
Zel l en umgebenden Lymphocyten naher zu bestimmen . Es ergab s i ch ,  das s 
bei lymphocytenrei chen Hodgk i n-Lymphomen v ie le  B-Lymphocyten vorhanden 
s i nd .  Beim  Mi schtyp und beim nodu l ar-sk lerosierenden Typ des Marbus 
Hodgki n  fi e l  e i n  uberwiegen der T- Lymphocyten auf. Al l en Subtypen 
gemei nsam i s t , dass di e Sternberg-Reed-Ze l l en von ei nem aus T-Lympho­
cyten bestehenden Saum umgeben werden . Di eser Befund pass sehr gut 
zu der Beobachtung , dass si ch T-Lymphocyten in Sus pens i on an Stern­
be rg-Reed-Zel l en anl agern . 
Bei der absch l i essende D iskussi on i n  Kapi tel V I I I  wi rd auf Paral l e­
l en ve rwi esen , zwi schen d ie  Bezi ehungen von Sternbe rg-Reed-Zel len  und 
T-Lymphocyten e i nersei ts , und T-Lymphocyten und den sogenannten i nter­
d ig it ierenden Reti kul umzel len ande rersei ts . Interdi g i ti e rende Reti ­
kul umze l l en konvnen im l ymphati schen Gewebe i n  der T-Regi on vor und 
dUrften h i er woh l Anti gene fi x i e ren , wel che sie den T- Lymphocyten 
prasenti eren . Es ersche i nt n i cht ausgeschl ossen , dass Sternberg- Reed­
Ze l l en mi t sol chen Anti gen-prasentierenden Ret iku l umzel l en ve rwandt 
se i n  konnten . 
Der Frage , ob das nodul are Paragranul om ei ne Enti tat darstel l t ,  
wi rd i n  Kapi tel V ,  V I  und V I I  nachgegangen . I n  Kapi tel  I . 4 .  wi rd zu­
nachst d ie  h i stori s che Entwi ckl ung  de r h i stol ogi schen Kl assi fi kati on 
des Marbus Hodgki n dargestel l t .  Das nodul are Paragranul om ist  e i n  Sub­
typ des lymphocytenrei chen Typs de r Rye-Kl ass i fi kat i on . Die sogenannten 
L & H-Sternberg-Reed-Zel l en des nodul aren Paragranul oms si nd nach den 
i n  Kapi tel V I I  dargestel l ten u ltrastrukturel l en und immunhi stochemi schen 
Befunden al s atypi sche B- Immunobl asten anzusprechen . Die Al terskurve 
des nodul aren Paragran ul oms zei gt gegenuber den ub ri gen Hodgk i n-Typen 
deutl i che Unte rs chi ede { Kapi tel VI ) .  Wahrend das nodul are Paragranul om 
gehauft bei mann l i chen Patiente n ,  und zwar i n  de r v i e rten Dekade ge­
funden wi rd ,  fi ndet man den nodul ar-sk leros ierenden Marbus Hodgk i n  bei 
uberwi egend wei b l i chen Pati enten in de r dri tten Dek ade . Der Marb us 
Hodgk i n  vom Mi schtyp wi rd vorwi egend beim mannl i chen Gesch l echt i n  
de r dri tten und i n  de r sechsten Dekade beobachtet .  Auch di ese Befunde 
sprechen dafur ,  dass das nodul are Paragran ul om e i ne gesonde rte Enti tat 
darstel l t .  
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Zurn Schl uss werden i n  Kapi tel  V di e Gemei nsamkei ten , d ie  zwi s chen 
dem gel egent l i ch bei ch ron i s cher unspezi fi s cher Lymph adeni ti s  zu be­
obachtenden s ogenannten progress i v  transfonni erten Kei mzentrum und dem 
nodul aren Paragranul om beste hen , besch ri eben . Der ei nzi g wesentl i che 
cytol ogi s che Unters ch i ed i s t ,  dass Sternberg-Reed-Zel l en i n  progress i v  
trans fonni e rten Kei mzentren fehl en .  E i ne wei te re 8ezi ehung zwi s chen 
bei den Veranderungen besteht auch h i ns i chtl i ch des kl i ni s chen Ver­
l aufes , wie s i ch dies bei fUnf Pati enten zei gen l asst . So kann das 
nodul are Paragranu l om erst mehrere Jah re nach Auftreten e i nes pro­
gress i v  transfonni erten Kei mzentrums i n  Ersche i nung treten , i hm aber 
auch um mehrere Jah re vorangehen . Schl i ess l i ch konnen e i n  progress i v 
transformi e rtes Kei mzentrum und ei n nodu l ares Paragranul om auch gl e i ch­
zei ti g  nachwei sbar sei n .  Di ese 8efunde deuten darauf h i n ,  das s das 
progressi v transfonni erte Kei mzentrum mi t dem nodul aren Paragranu l om 
verwandt i s t  und dass das progressi v transformi erte Kei mzentrum 
mogl i cherwe i se a l s  e i ne Praneopl as i e  anzusprechen i st .  D ie  Ursache , 
d ie  zur 8 i l dung ei nes vorwi egend aus 8-Lymphocyten bestehen den pro­
gressi v transfonni e rten Kei mzentrums fUh rt ,  i st unbekannt . Auch d ie  
bei m  l ymphocytenrei chen Marbus Hodgki n  in  grosser Zah l  vertretenen 
8-Lymphocyten l assen kei nen ati ol ogi schen RUcksch l uss z u .  
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SAMENVATT ING 
Ondanks het fei t  dat de z iekte van Hodgki n  reeds in  1832 we.rd be� 
sehreven en ondanks het vel e  onderzoek dat werd verri eht , z i j n  er 
nog steeds een aantal vragen met betrekki ng tot de aard van deze 
z iekte .  In di t proefs ehri ft wordt i ngegaan op enkel e  van deze vragen . 
Deze betreffen enerzi j ds de aard van de Sternberg- Reed eel l en ,  waar­
van vee l a l  wordt aangenomen dat het de kwaadaardi ge eel l en van het 
proces z i j n , en anderzi jds de aard van de andere eel l en ,  die meestal 
verui t in de meerderhei d  z i j n  en waarvan wordt gedacht dat ze een 
reaetie  vormen op de Ste rnberg-Reed eel l en .  Het derde probl eem dat 
i n  di t proefs ehri ft wordt behande l d  i s  de vraag of de z iekte van 
Hodgki n  een z i ekte i s  of dat er wezen l i ,j k  versehi l l ende z i ektevonnen 
onder deze naam schui l gaan . In hoofds tuk I wordt een overz i eht 
gegeven van de l i teratuur betreffende deze probl emen . Er worden daar­
i n  een drietal vers ehi l l ende soorten van Sternberg- Reed ee l l en onder­
schei den , d ie  Meer of mi nder typi s eh z i j n  voor een van de v ier  sub­
typen van de z iekte van Hodgki n .  De meeste l i teratuur gegevens wi j zen 
op een aan macrofagen verwante eel a l s  kwaadaardi ge eel , hoewel een 
aantal andere bevi ndi ngen l i j ken te pl e i ten voor de mogel i j khe i d  dat 
immunog l obul i ne produeerende , zogenaamde B lymfoeyten , a l s  de kwaad­
aardi ge ee l l en moeten worden bes ehouwd . In hoofds tuk I I  is getracht 
een antwoord te vinden Ofl de vraag \vat de betekeni s  zou kunnen z i jn 
van de aanwezi ghe i d  van i mmunogl obul i ne i n  Sternbe rg··Reed eel l en .  
H iertoe werd met behu l p  van een irrmunohi stol ogi sehe teehn iek gezoeht 
naar de aan�1ezi  ghei d van immunogl obul i nen en an de re se rum eiwi tten 
i n  Sternberg- Reed eel l en ,  zowel i n  l i chtmi eros copi sche preparaten a l s  
ook met behu lp  van e lectronenmi eroseooi sehe k l euri ngsmethoden . I n  
sommi ge Ste rnberg- Reed ee l l en we rden tege l i j kerti j d  dive rse typen van 
i mmunogl obul i ne ketens en ande re se rum eiwi tten gevonden en de l i g­
gi ng van deze eiwi tten b l eek op e leetronenmi eros eopi s eh n i veau n iet 
overeen te komen met een aanmaak van immunogl obu l i nen door de ee 1 1  en 
ze l f . Op grond h i e rvan we rd geeonel udee rd dat het imMunog l obul i ne n i et 
door de Sternberg-Reed eel l en wordt aangemaakt ,  maar waars ch i jnl  i j k  
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ui t de omgeving wordt opgenomen . Deze bevinding  vormt dus een argu­
ment tegen de gedachte dat Sternberg-Reed cel l en afge l ei d zouden z i jn  
van illlllunog l obul i ne producerende B lymfocyten . 
In  hoofdstuk I I I  wordt een geval van de z iekte van Hodgkin  gerap­
porteerd , waarb i j  de normaal i n  de omgeving van Sternberg-Reed cel ­
l en l i ggende lymfocyten tot bi nnen i n  deze cel l en z i jn  doorgedrongen . 
Daarb i j  wordt besproken of d it  wijst op een acti eve opname door de 
Sternberg-Reed eel en dus op een fagocyterend karakter van deze eel 
of op een acti vi tei t van de l ymfocyten , d ie  rondwande l en over en 
bi nnendri ngen i n  de Sternberg-Reed cel l en ,  waarb i j  bei de cel typen 
geen s chade onde rv i nden i n  tegenste l l i n g  tot fagocytose waarbi j  de 
opgenomen cel l en i n  het al gemeen worden verteerd. Aangezi en een der­
gel i j k  rondwande l en van lymfocyten , emperi pol e s i s  genaamd , zowel 
voor kan komen i n  tumorcel l en i n  het al gemeen a l s i n  macrofagen , kan 
de in di t hoofdstuk bes chreven waarneming  geen ophel de ri n g  verschaf­
fen met betrekk ing  tot de aard van Sternberg-Reed cel l en .  Wel kan 
een ve rband gel egd worden met de b i ndi ng van lymfocyten aan Stern­
berg-Reed cel l en ,  zoal s waargenomen in suspens ies en in kortdurende 
kweken van l ymfekl i e ren van patienten met de z i ekte van Hodgki n .  In 
hoofdstuk I zijn enke l e  veronde rstel l i ngen omtrent de aard van deze 
binding  aangegeven . In hoofdstuk IV i s  door mi ddel van een aantal 
irrrnunoh i stol ogi sche techn i eken op vriescoupes van door de z i ekte van 
Hodgki n  aangetast weefsel  getracht vast te ste l l en wat de aard i s  
van de lymfocyten i n  de omgeving van Sternberg-Reed cel l en .  E r  werd 
gevonden dat met name in lymfocyten ri jke vormen van de z i ekte van 
Hodgk i n  grate aantal l en B lymfocyten aanwezi g  z i j n .  In de vormen van 
de ziekte van Hodgki n met k l ei nere aantal l en lymfocyten b l eken de 
T lymfocyten , di e betrokken z i jn b i j  de cel l ul ai re afweer,  i n  de 
meerde rhe i d  te z i j n .  B ij  al l e  vormen was het echter steeds zo dat de 
Sternberg-Reed cel l en werden omgeven door een krans van T lymfocyten 
en dit  i s  i n  overeensterrrni ng met bevi ndi ngen i n  suspensi es waari n 
ook T lymfocyten warden aangetroffen rondom Sternberg-Reed cel l en . 
In de al gemene di scus s i e  i n  hoofdstuk V I I I  worden enkel e paral l e l l en 
aangegeven tussen de besch reven i nteracti es van T lymfocyten met 
Sternberg-Reed ce l l en en s oortgel i jke reacti es van T lymfocyten met 
zogenaamde i nterdi gi terende reti cul um cel l en ,  di e normaal voorkomen 
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i n  l ymfoi d weefsel en d ie  vermoedel i jk  een rol spe l en b i j  de aan­
bi edi ng  van l i chaamsvreemde stoffen ( anti genen ) aan de T l ymfocyten . 
Op grand van deze overeenkomsten wordt de veronderste l l i ng geui t 
dat er een rel at ie  zou kunnen bestaan tussen Sternberg-Reed cel l en 
en anti geen aanbi edende reti cul um cel l en . Het i s  mogel i j k , dat de 
b ij  de zi ekte van Hodgki n  aanwezi ge afname van de cel l ul ai re ,  T 
l ymfocyt afh ankel i jke , afweer eveneens een gevol g i s  van i nteracties 
tussen T lymfocyten en Sternberg-Reed cel l en .  Verder warden nag 
een aantal moge l i j kheden besproken om deze hypothesen te toetsen 
met behu lp  van gekweekte Sternberg-Reed cel l en .  
Op de vraag of er wezen l i j k  versch i l l ende v ormen van de zi ekte 
van Hodgki n  bestaan wordt i ngegaan i n  de hoofdstukken V ,  VI en V I I .  
I n  hoofdstuk I warden een aantal hi stori sche ontwi kkel i ngen i n  de 
hi stol ogi s che onde rverdel i ng van de z i ekte van Hodgk i n  bes ch reven . 
Een vari ant van de lymfocyten ri jke vorm van de thans al gemeen ge­
brui kte " Rye " k l ass i fi cati e b l i jkt op een aantal punten dui de l i j k  
te versch i l l en van de andere vormen van de z i ekte van Hodgki n .  Di t 
betreft het nodul ai re l ymfocyten ri j ke type of het nodul ai re para­
granul oom. In de eerste pl aats b l i j ken de zogenaamde L & H type 
Sternberg-Reed ce l l en van deze vari ant bes chouwd te k unnen warden 
a l s  atypische , i mmunogl obul i ne producerende cel l en ,  i n  tegenstel l i n g  
tot andere typen Sternberg-Reed cel l en .  Daarnaast b l i j kt oak de 
l eefti jds verde l i ng van het nodul ai re paragranul oom dui de l i j k  te 
ve rs chi l l en van d ie  van de andere vormen van de z i ekte van Hodgki n .  
Met name bl i jkt  e r  een groat aantal mannel i j ke patienten tussen de 
30 en 40 iaar met nodul ai r paragranul oom gevonden te warden , terwi j l  
de meest voork omende vorm , d e  zogenaamde nodul ai re sclerose , voor­
namel i jk voorkomt b i j  vrouwen tussen de 20 en 30 j aar en een andere 
veel voorkomende vorm ,  het gemengd cel l i ge type , vooral b i j  mannen 
tussen de 20 en 30 j aar en boven de 50 jaar.  Op grand van deze ge­
gevens wordt geconcl udeerd dat het nodul ai re paragranul oom een 
wezen l i j k van de andere vormen van de zi ekte van Hodgk i n  ve rsch i l ­
l ende zi ekte i s .  Tevens wordt i n  hoofdstuk V de aandacht gevesti gd 
op de overeenkomsten die er  bestaan tussen een bepaald  soort grate 
fol l i ke ls  van B lymfocyten , de zogenaamde progressief getransfor­
meerde ki emcentra , die i n  goedaardi ge lymfekl i er ontstekingen 
gevonden kunnen warden en het nodu l a i re paragranul oom. In fei te i s  
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het eni ge h i stol ogi s che vers chi l de afwezi ghe i d  van Sternberg- Reed 
cel l en in de progress i ef getrans fonneerde k iemcentra . Bovend i en 
werd een vi j ftal pati enten gevonden met een nodul a i r paragranul oom 
b i j  wie  soms jaren tevoren , soms tezel fderti j d  en soms j aren na de 
exti rpat i e  van een l ymfekl i e r  met nodu l ai r  paragranul oom , lymfe­
kl i e ren waren verwi jde rd , d i e  s l e chts een goedaardi ge lymfek l i er  
onsteki ng met progress ief getransformeerde ki emcentra toonden . Op 
grand h i e rvan wordt aangenomen dat er een verband bestaat tussen 
progres s i ef getransfonneerde ki emcentra en het nodul ai re paragranu­
l oom en dat het p rogres s ief getransfonneerde ki emcentrum mogel i j k 
een voorbode i s  van de ontwi kkel i n g  van een nodu l ai r paragranul oom. 
De oorzaken van het ontstaan van derge l i j ke zeer grate fol l i kel s  
met B l ymfocyten z i j n  onbeken d ,  evenal s  de oorzaak van het grate 
aantal B lymfocyten i n  l ymfocyten ri j ke vormen van de z i ekte van 
Hodgk i n . Het mag echter  verwacht warden , dat een groe i en d  i n z i cht 
in de regul eri ng  van de normal e fol l i ke l  centrum reactie het mogel i j k  
zal maken deze abnonnal e ophopi n gen van B lymfocyten te begri j pen . 
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